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PREFACE 


The thesis entitled, "SELECTIVE PEPTIDE BOND FORMATION 
IN CAPTIVE ENVIRONMENTS" consists of six parts, namely, A. Introduction, 
B. Background, C. Present Work, D. Spectra, E. Experimental and F. References. 


SUMMARY OF THE PRESENT WORK 


The work reported in the thesis outlines endeavours directed at 
the formation of peptide bonds in a selective manner from coded a -amino 
acids taking advantage of either the intrinsic order present in the crystal 
lattice, or the possible arrangements in aqueous media or at a micellar interface. 

The diversity that is inherent in the side chains of the 20 coded 
amino acids would certainly lead to preferences in alignments and the choice 
of proximate partners. In principle, peptide bond formation, taking advantage 
of such preferences, would lead to preferred peptide sequences that may well 
be precursors to present day enzymes. The identification of such preferences, 
the factors that control the manifestation of such selectivity and the role 
played by environments in this direction are little understood. However, it 
was envisaged that the order that is likely to be present in selected environ- 
ments could be taken advantage of, in the demonstration of selectivity in 
peptide bond formation. 

Most amino acids form crystals whose X-ray crystallographic data 
show that there is a nearly universal ordering in the sense that the head to 
tail arrangement is consistently observed. This arrangement represents an 
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order, which, if taken advantage of, could lead to peptide bond formation. 
More interesting are examples where a pair of amino acids, whose side chains 
have the profxmty to form salts, form mixed crystals. X-Ray crystallographic 
studies of such mixed crystals have clearly demonstrated an intrinsic order 
in each case, which, if taken advantage of, could lead to selective peptide 
bond formation. For example, the aspartic acid - histidine mixed crystals 
exhibit a highly ordered arrangement consisting of alternate bilayers of aspartic 
acid and histidine wherein all the hydrogen bonding possibilities are taken 
advantage of (CHART S.l = CHART C.l). ft was envisaged that peptide bond 
formation in a mixed crystal could be achieved without disturbing the crystal 
order via co-crystallizing with a carbodiimide precursor. This concept is illus- 
trated in CHART S.2 = CHART C.2. Since the approach described above envi- 
sages the formation of the carbodiimide in a crystal lattice, the only appro- 
priate methodology that could be adapted would be the generation of such 
species by photolysis. At the outset, three such photoprecursors of dimethyl- 
carbodiimide were envisaged. Amongst these, compound (J_) is known and 
has been demonstrated, on photolysis, to undergo extrusion of elements of 
nitrogen and sulfur, leading to dimethylcarbodiimide. In the present work it 
was envisaged that the diazo compound (7) and the tetraamino ethylene system 
(9), would be even more effective in their transformation to the reactive carbo- 
cliirnide (CHART ,S.3 - CHART C,3). 


"in charts and tables, the notation "S" stands for "Synopsis" and "C" for the 
section outlining the present work (SECTION C) in the thesis. 

# '# 

These numbers refer to those assigned in the present work (SECTION C 


and SEcrriON E). 



The preparation of compound (_£) is illustrated in CHART S.4 = 
CHART CA. In present endeavours to effect the preparation of the diazo 
compound 0 and the dimer (9), (CHARTS S.5 = CHART C.5 and CHART S.6 ~ 
CHART C.6) the methosulfate intermediate (3) (CHART SA = CHART C.4) 
was considered as an appropriate starting material for the diazo compound 
{7). The reaction of (_3) with tosyl hydrazide gave the expected tosyl hydrazone 
(£) which could not be transformed to (7) under various reaction conditions. 
In another attempt, compound (2), with either benzhydrazide or ethyl carba- 
zate, gave the substituted hydrazones (5a) and (5b) which were transformed 
to (_6), the hydrazone precursor of (7). Endeavours to effect the (6) (£) trans- 

formation by usual methods did not succeed (CHART S.5 = CHART C.5). Amon- 
gst the many efforts directed at the preparation of dimer {9), the most promis- 
ing appeared to be via double extrusion of intermediate (_8) arising from possible 
union of the tosyl hydrazone with compound (J_). In the event, this could 
not be effected (CHART S.6 = CHART C.6). 

Attempts to form mixed crystals involving several amino acid 
pairs and the thione (2), either in water, or in aqueous acetone, invariably 
led to the crystallization of (2) separately. It was then envisaged that the 
problems associated with forming a crystal involving three components on 
the one hand and that possibly arising from the lack of interaction of (2) with 
arnino acids on the other could be reduced via attachment of an appropriate 
ligand, either acidic or basic in nature, to (2) thus enabling salt formation 
of appropriate amino acids, which, hopefully, would provide crystals incorpo- 
rating both the components. Such crystals would retain the property two form 
the carbodiimide and the principle of selectivity could be demonstrated using 
such systems as illustrated in CHART S.7 = CHART C.7, with the aspartic 
acid - Mannich base carbodiimide precursor. 



Mannich base ( 1 3) was prepared from ( 1 0) and the Mannich bases 
Q.?) (11)- In addition, compounds ( 1 5) and ( 16) were obtained 

via (12), the normal N-hydroxy methyl intermediate involved in such reactions. 
Although the expected salts were formed on treatment of the bases (1 3), (15 ) 
and ( 1 6) with aspartic acid, all endeavours to obtain suitable crystal composites 
did not succeed. The converse strategy endeavouring to attach acidic ligands 
at the 4-position of compound (X) via reaction of (_n.) with either the BrCH2C02Et 
or the BrCH2C02H, gave, instead of N-alkylation the S-alkylated products 
(20) and (21) (CHART S.8 = CHART C.8) (CHART S.9 = CHART C.9). 

Efforts outlined above and several others clearly brought out, 
above all, the difficulties in the formation of crystal composites. Therefore, 
alternate methodologies for the demonstration of selective peptide bond forma- 
tion were explored. 

The order that exists in crystal lattice, harbouring a pair of amino 
acids, could logically be extended to their concentrated aqueous solutions. 
In this event, the condensation of amino acids, taking advantage of this order, 
can be achieved using water soluble carbodiimides. Such a selective peptide 
bond formation in a miliajis also related to the problem of peptide bond forma- 
tion at the very early stages of protein evolution. 

An enzyme having an amino acid sequence 1 •+• n could be made, 
either by the addition of a single unit or, in a convergent approach, by joining 
existing preferred sequences. The efficiency of the latter approach is signifi- 
cantly higher and, consequently, would be favoured by nature (CHART S. 10 = 
CHART C.ll). The preferences in peptide bond formation involving the 20 
coded amino acids in aqueous medium, has been examined by two methodolo- 
gies. In the experimental approach pairs of amino acids in water were allowed 



to undergo peptide formation using the requisite amount Of water soluble carbo- 
diimide and the products analyzed, either by preparative TLC or HPLC, thus 
enabling the determining of the ratio of the peptides formed amongst the 
'n' number of possibilities, when amino acids 'a' and 'b' are made to combine. 
In the theoretical approach, a computer based analysis of a number of estab- 
lished protein sequences was carried out to possibly delineate preferred poly- 
peptide units that could have served as synthons in the convergent approach 
which cited in (CHART S.IO = CHART C.ll ; CHART S.ll = CHART C.12), 

Equivalent amounts of glutamic acid, leucine and the specifically 
prepared water soluble carbodiimide, 1 -cyclohexyl 3(3-dimethylaminopropyl) 
corbodiimide rnetho parotoluene sulfonate ( 22) in clear aqueous solution was 
left stirred for 2 days, the resulting dipeptide mixture N,C-protected and 
analysed by preparative TLC, HPLC and NMR and compared with authentic 
samples of all possibilities, namely, BzLeu-LeuOMe (30), BzLeu-GludiOMo (31), 
BzG1u(y -OMe) - LeuOMe (32), BzG1u(y -OMe) - GludiOMe (B), BzGlu(a -OMe) 
- GludiOMe (34) and BzGlu(a -OMe) - LeuOMe (CHART S,l 2 = CHART C.14). 
The results of such an analysis showed that in the reaction of unprotected 
glutamic acid and leucine in water, in presence of the carbodiimide (2^), the 
product percentages, as analyzed by h.p.l.c, were BzGlu (y -OMe)-LeuOMe 
(72%), B 2 Glu(a -.OMe)-GludiOMe (15%), BzLeu-LeuOMe (8%) and 1.5% of 
higher peptides (TABLE S.l = TABLE C.I), thus demonstrating that regardless 
of finer aspects of reaction mechanisms, a clear preference for the formation 
of some dipeptides over others do exist. 

In vitro peptide bond formation involving glutamic acid consistently 
show a preference for a higher reactivity of the sterically less hindered y -car- 
boxyl group. In the pepti'de bond formation involving glutamic acid that takes 



place in every cell, the more hindered a -carboxyl group is involved in the 
formation of the peptide bond. The fact that a similar trend is evident in 
the present experiment (TABLE S.l = TABLE C-1), thus mimicing the in vivo 
processes perhaps constitute the most important result of this experiment. 
The a -selectivity and the preponderance of Glu-Leu (72%) has been rationalized 
on the basis of the pka value differences with respect to the -ot and y~ car- 
boxyl functions of glutamic acid leading to selective bond formation involving 
the a -carboxyl moiety, which, in turn, forms the activated ester with the 
carbodiimide ( 22) followed by peptide bond formation with the more basic 
a -amino function of leucine. The very low preference exhibited in the forma- 
tion of Leu-Leu (8%) and the fact that excepting in this case, the Leu residue 
does not appear at the amino end of the dipeptide supports the preferential 
formation of the glutamic acid - carbodiimide complex envisaged in CHART 
S.l 3 = CHART C.15. Several ancilliary experiments involving, individually, 
glutamic acid and leucine, under similar conditions, were carried out and to 
confirm the conclusions described above. A similar set of experiments involving 
glutamic acid and glycine resulted in the preferential glycine polymerization 
initiated by specific activation of this residue (TABLE S.l = TABLE C.l). 

I 

The experimental complexities associated with the possible analysis 
of dipeptides arising from a -amino acids in aqueous medium is maximum in 
the case of glutamic acid with lysine, which could, in principle, as illustrated 
in CHART S.14 = CHART C.16, give twelve dipeptides. In the event, the reac- 
tion of glutamic acid and lysine in clear water solution with one equivalent 
of water soluble carbodiimide (22), followed by N,C-protection and HPLC analy- 
sis showed only two products whose nature remains to be completely estab- 
lished. Regardless of this^ the experiment demonstrated a high order of selecti- 
vity which is supported by the fact that the reaction of equivalent amounts 



of lysine and the carbodiimide (22), followed by N,C-protection, yielded largely 
BzLys (o) -Bz) - Lys( 0) -Bz)OMe, involving exclusive peptide bond formation 
involving the a -amino group. 

A computer programme was developed that incorporated the capabi- 
,lity to identify neighbours present in each of the amino acid residues in an 
enzyme. Such an analysis on members of the cytochrome family, separated 
by aeons in the evolutionary scale, showed uniform departure from values 
expected if there were no preference in the choice of a neighbour (TABLE 
S.2 - S.IS = TABLE C.2 - C.ISX This conclusion was confirmed by a similar 
analysis of the 500 residue peptide, bovine glutamate dehydrogenase (TABLE 
S.I9 = TABLE C.19). The persistent departure from the anticipated "no prefe- 
rence values (R.V.)" in the choice of neighbour further supports the existence 
of inherent preference in the selection of neighbours. 

The diagonal element in each of the above tables denotes prefe- 
rences for having as neighbour another unit of the same amino acid. In TABLE 
S.2 - S.18 = TABLE C.2 - C.18, the diagonal element is zero in 75-80% of 
the cases, which would indicate a lack of preference for itself, barring few 
exceptions. Even in the case of the larger protein presented in TABLE S.19 
= TABLE C.19, 50% of the diagonal element is zero. There is every reason 
to believe that this would be the case in more extensive analyses planned 
with a much larger data base. 

For the cytochrome family, preferences for neighbours of value 
3 and above have been processed from TABLE S.2 - S.18 = TABLE C.2 - C.18 
and summarized in TABLE S.21 = TABLE C.21. A striking feature is the nearly 
consistent preference exhibited by lysine residues to have another lysine as 
neighbour. Since the coverage involves a wide time span in terms of evolution, 



it is logical to conclude that preferences with respect to the choice of a neigh- 
bour was operational from very early stages of protein evolution. 

The Ser-Ser unit was selected for detailed analysis because of 
its apparent rarity in spite of the fact that the Ser residue is relatively abun- 
dant in proteins. This notion was confirmed by an analysis of 150 proteins 
involving diverse enzyme activity. Barring notable exceptions, the observed 

Ser-Ser values were either zero or much below the random values (R.V.). In 
spite of the observed general rarity of the Ser-Ser combination, in few they 
are abundant ; further, this abundancy is typical and can be correlated to 

specific proteins such as carbonic anhydrase, the proteases trypsin, pepsin, 
subtilisin and carboxypeptidasc, the trypsin inhibitors, elastase, ribonuclease 
and deoxyribonuclease. Thus, nucleases and proteases harbour excessive Ser-Ser 
combinations. Additionally, the presence, of 5 Ser residues in a row in ribonu- 
cleases and 4 Ser residues in subtilisin, must be considered significant. 

In sum, experimental and analytical results strongly support the 
existence of preferences in the choice of neighbour which, in turn, tend to 

support a convergent approach to protein evolution (CHART S.10=CHART C.ll). 

In the work described thus far, polar interactions were a major 

consideration in achieving selectivity in peptide bond formation. The prepon- 
derance of hydrophobic residues in proteins points to environments conducive 
for preferential peptide bond formation, involving hydrophobic residues. In 
the present work, it was envisaged that if amino acids having hydrophobic 
side clmins could be aligned with an appropriate condensing agent on a micellar 
support, peptide bond formation can occur at water interface leading to prefe- 
rential formation of peptides having hydrophobic amino acid residues. 



The micellar support chosen in the present study comprised of 
the isooctane - bis(2-ethyl hexyDsodium sulfosuccinate (AOT) - water system 
whose profile has been established as illustrated in CHART S.l > - CHART 
C.17. The strategy called for the condensing agent in the role of the co-surfac- 
tant- To this end, the novel dioctadecyl carbodiimide (DODCI) (39), was pre- 
pared, tested for its effectiveness in the formation of peptide bonds, and subse- 
quently used to generate the interface support, illustrated in CHART S.16 
= CHART C.21. 

Two possible situations can arise when coded a-amino acids are 
added to the DODCI - AOT reverse micelle composite (CHART S.I6 CHART 
C.2I). In the case of cx -amino acids possessing hydrophobic residues, the side 
chains can be expected to be a part of the micellar surface with the a-amino 
acid moiety facing the water-pool. Such an arrangement, illustrated in CHART 
S. 17a = CHART C.22a, would lead to the activated ester followed by peptide 
bond formation. On the other hand, in the case of amino acids carrying polar 
side chains, they could be expected to be present mostly in the water pool 
and the peptide bond formation involving these compounds would be governed 
by their interaction with DODCI anchored at the micellar interface CHART 
S.17b CHART C.22b. 

‘Peptide bond formation was achieved using the micellar support 
illustrated in CHART S.16 = CHART C.21 with a number of arnino acid residues 
having hydrophobic as well as polar side chains. The results, as shown in CHART 
S.l 8 CHART C.23 is good and the sole exception involving proline could 
be understood on the basis of the ability of this imino acid to align at the 
micellar interface on the one hand, and the high solubility arising from seques- 
teration of the hydrophobic side chains on the other. The preference for peptide 
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bond formation involving hydrophobic residues was further established in a 
competitive environment. Thus, N,y -C -protected glutamic acid and N,3 -C- 
protected aspartic acid selectively formed peptide bonds with LeuOMe in prefe- 
rence to GludiOMe/Asp-diOMe. 

In the present work, selectivity,' taking advantage of order that 
exists either in aqueous or in micellar media with reference to peptide bond 
formation has been established. 
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A. INTRODUCTION 


Each and everyone of the multifaceted manifestations of Nature 
mirrors, above all, the consequences of evolution. If this indeed is true in the 
macroscopic world that we are able to perceive, logic dictates that such must 
be the case at the microscopic level involving molecular interactions. The focus 
of the present work is directed at the possible understanding of the functional 
system, encompassing the most complex of molecular constellations arising from 
a carefully and methodically orchestrated aggrandize tion of 20 coded a -amino 
acids. The concatanation of the latter, gives rise to the primary sequence, which 
is coded in the information system. 

From the error free replication and transcription involving Nucleic 
acids to the synthesis of the very primary unit, namely, the a -amino acid, the 
functional system - mostly synonymus with enzymes - controls all the molecular 
events that are necessary. There is universal agreement to the effect that the 
enzymes themselves must have evolved through various stages, the very early 
ones necessarily via chemical processes. It appears logical, therefore, that a 
good deal of order must have existed before the advent of present day enzymes. 
An enquiry into these early developments should have, as focus, selective peptide 
bond formation on the one hand and the recognition of preferred peptide segments 
on the other, since such synthons are most likely to be involved in the further 
condensation to more complex systems. Both these aspects have been experimentally 
probed in the present work (SECTION C.). 

In the present work, selectivity in peptide bond formation involving 
coded a-amino acids has been sought taking advantage of either intrinsic order 



in the crystal lattice or the possible arrangement in aqueous media or at micellar 
interface. It was, therefore, considered appropriate to present a brief background 
pertaining to each ol the above facets. This has been done in the following section 
(SECTION B.). 



B. BACKGROUND 


THE ORDERING OF AMINO ACID COMPOSITES IN A CRYSTAL LATTICE. 

Non-covalent interactions involving amino acid residues play 

a crucial role in the structure, assembly and function of proteins. An interesting, 

common feature present in most amino acids that have been subjected to 

X-ray analysis is the aggregation of amino acid molecules in a head to tail 

sequence (CHART B.l.)*. In this preferred arrangement, the a -amino and 

the a-carboxylic groups are brought into periodic hydrogen bonded proximity 

in a peptide like arrangement, an arrangement that could have possible rele- 

2 

vance in the formation of non-enzyrnatic formation of polypeptides. 

An arrangement such as shown in CHART B.l does not account 
for the influence of the side chains in peptide bond formation. A number of 

experiments have been carried out to demonstrate non-enzymatic synthesis 

3 “ 8 

of polypeptides. Many of these interesting experiments have clearly establi- 
shed that the polypeptides thus formed have non -random sequences, thus, 
pointing to the possibility of self odering of amino acids. 

Although, it is logical to assume an intrinsic ordering of diverse 
amino acid residues incorporating preference for neighbours in the formation 
of peptides, the delineation of such preferences poses experimental complexities. 

A clear approach to this problem envisaged the preparation of 
mixed crystals with amino acid pairs and establishment of their structures 



4 


CHART B-1 




NHj 



CHART B-2 




by X-ray crystallography. Such studies, although not uniform in all cases clearly 
established preferences for alignment. 

Crystals of lysine and aspartic acid were grown by slow evaporation 
at room temperature of an aqueous solution leading to crystals which comprise 
of equimolar quantities of both the components. The X-ray analysis of these 
mixed crystals consisted of alternating layers, one layer comprising of lysine 
molecules and the other aspartate ions. A profile of such an arrangement 
is illustrated in CHART B.2 which for clarity has been confined to two layers. 
As could be clearly seen from CHART B.2 both lysine as well as aspartic 
acid retain the head to tail arrangement of the a -amino acid moiety. At the 
same time a point of significance is that the crystal structure favours the 
peptide bond formation involving the w-amino group of lysine with the 6-carboxyi 
group of aspartic acid. This pattern appears to hold good in several cases. 
Thus, whilst self condensation would lead to normal peptide bond formation, 

cross condensation could be predicted to the formation of peptide bond involving 

9 

side chain residues. 

A somewhat more complex situation arises with mixed crystals 
involving glutamic acid and arginine. A few tiny crystals of this complex analys- 
ing for glutamic acid - arginine - H2O could be grown after carefully controlled 
and repeated attempts by the slow diffusion of acetone into an aqueous solution 
of the mixture. The X-ray results of these mixed crystals are represented 
in simplified form in CHART B.3. The crystal structure consists of alternating 
layers, one layer containing arginine and the other glutamic acid. As could 
be seen from CHART B.3 similar residues preserve a head to tail arrangement, 
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CHART B-3 



tAt H2O in crystal 



thus condensation in this fashion could lead to polyglutamic acid. However, 
the products of cross condensation are difficult to predict and one possibility 
certainly is the condensation of the a -amino acid of the arginine to the y -car- 
boxyl group of the glutamic acid.*^ 

Equimolar amounts of histidine and aspartic acid in water on 
slow diffusion of acetone leads to needle -like crystals which analyse for 
histidine - aspartic acid - water. In this particular case, the crystal structure 
consisted of alternating double layers, one double layer containing histidine 
molecules, the other aspartic acid molecules. The water molecules are sandwi- 
ched between the two layers in the aspartic acid double layer (CHART BA = 
CHART C.l). In view of the direct correlation of this to the present work 
the implications of this arrangement is discussed in SECTION C.** 

An extremely interesting observation which emerged from studies 
of such mixed crystals is that even in the case of mixed crystals involving 
dipeptides, order is preserved in the crystal lattice. Thus, equimolar amounts 
of L-Histidyl-L-Serine and L-Glycyl-L -Glutamic acid in water on slow evapora- 
tion crystallises giving rise to histidyl serine - glycyl glutamic acid - 6 H 2 O. 

Here again, the like molecules aggregate into separating alternate layers. 

I 2 

A cross section of this arrangement is shown in CHART B. 5, 

In the event, peptide bond formation takes place involving similar 
residues, it could be clearly seen from CHART B.5, the sequence would be 
Gly-Glu(Y -OH)-Gly-GluCY -OH) .... or Ser-His-Ser-His... The arrangement 
of the crystal is such that it will be difficult to predict the nature of cross 
condensation product. 



CHART B-4 
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ORDER IN ASP-HIS MIXED CRYSTAL 



CHART B-5 





OH 



OH".- 



OH 


jf" H2O in crystal 



The brief account pertaining to a discussion of results obtained 
from X-ray crystallography makes it very logical to assume that molecular 
order would prevail in the crystal lattice irrespective of whether monomeric 
residues or polypeptides are used. Peptide bond formation, taking advantage 
of such an arrangement would certainly lead to preferences. However, to achieve 
this, serious experimental impediments have to be overcome and an aspect 
of the present work (SECTION C.) endeavoured to achieve this objective. 

WATER SOLUBLE CARBODllMTDES 

Initially, the water soluble carbodiimides came into vogue to obviate 
a persistent problem in peptide synthesis using DCC namely, the removal 
of the DCU formed in the reaction which is soluble in common organic solvents 
used in peptide synthesis. It was considered that a urea derivative that is 
either water soluble or could be removed by treatment with dilute aqueous 
acids would eliminate the problem of urea contamination in peptides. 

The commonly used water soluble carbodiimides are presented 
in CHART B.6. In most cases, they are used as quaternary salts because of 
the enhanced stability of such compounds. Over a period of time, the importance 
of water soluble carbodiimides in peptide synthesis is finding increasing appre- 
ciation particularly with reference to the preparation of catalytic antibodies 
(vide infra). 

In the initial phases of study involving water soluble carbodiimides, 
the peptide bond was generated In organic solvents using the hydrochloride 
of I(CHART B.^ Thus, oligopeptides without isolating intermediates wereprepa- 
red even retaining troublesome residues like ser, thr, met and his. The first 
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CHART B-6 


COMMONLY USED WATER SOLUBLE C ARBODriMTOES 


No. STRUCTURE 


I. CH2CH2N=C=N-CH2CH2CH2N-Me2 
n. PhCH2N=C=N-CH2CH2CH2N-Me2 
in, CH3CH2N=C=N-CH2-CH2“N^^ \) 
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significant achievement was the synthesis of an insulin segment by this proce- 

, 13 

dure. 


Recently, urgasterone - human epidermal growth factor-was synthe- 
sized by the segment condensation method. In this noteworthy achievement 
ten smaller segments were sequentially condensed using I in presence of 
HOBt, ultimately resulting in the preparation of the pure 53 residue peptide.^ ^ 

Most recently, an entirely new concept in the design of biological 
catalyst has emerged, whose underlying principle rests on the fact that a recep- 
tor or an active site designed to optimally bind a suitable analog of a transition 
state would achieve the catalytic function. In an ingenious application of this 
concept the 4-nitrophenyl phosphonate X, (CHART B.7) was attached to bovine 
serum albumin (BSA) using the water soluble carbodiimide I, which was further 
processed to monoclonal IgG that was demonstrated to efficiently catalyse 
the hydrolysis of diverse carbonyl substrates with high degree of specificity. 
The cardinal principle in this experiment is that compound X could be consi- 
dered as an appropriate transition state for the hydrolysis of carbonates and 
consequently, antibodies raised against this should catalyse the hydrolysis.*^ 

The interesting cyclic hexapeptide XI( CHART B.8) was synthesised 

principally to study the interaction of the histidine and tyrosine side chains 

with each other, with solvents and with other molecules. The synthetic strategy 

as shown in CHART B.8 extensively used 1 as the condensing agent to obtain 

17 

high yields of the pure compound. 

The water soluble carbodiimide 11 has been used to bring about 

1 8 

the Lessen rearrangement of hydroxamic acids(CHART B.9L 
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CHART B-7 



PRODUCT 


TRANSITION STATE 




STABLE TRANSITION 
STATE MODEL 


FUSION WITH sp 2/o MYELOMA CELLS 


IgG (RECOGNIZES TRANSITION STATE) 


c, SUBSTRATE 


IgG(ABZYME) CATALYSIS 


PRODUCT 



CHART B.8 


Cbzo — L -ty r gly gly OH 


EDAPC, Et,N, 
DMF ^ 


H — gly — L-Bzhis — glyONBz.2HBr 

7m 


Cbzo — L-tyr — gly — gly — gly — L-Bzhis — glyONBz 

in 


H2/Pd 


47% 

H— — L-tyr*“ — ?ly~™gly — gly — HL-lizhia — glyOH 

IV 



EDAPC, DMF 
8-10 da. 


t 


58% 


Na/NH, 


L ij-tyr'— — gly — gly — gly — L-Bzhls — gly 


37% 

XI 


V. 


Synthesis of the cyclic hexapeptide; abbreviations : Bzhis, 
N^'^-benzylhistidine; Cbzo, carbobenzoxy; NBz, p-nitro benzyl; 
DMF, dimethylformamide; EDAPC, N-(3-dinnethylaminopropyl)-N' 
-ethylcarbodiimide. 





K.r\ unusual application of water soluble carbodiimides HI is to effect 

the cross-linking of side chain groupings in the water soluble protein gelatin 

19 

thus, greatly e-nbancing its propensity to form gels. 

Tine water soluble carbodiimides HI and VI have been used to study 
the degree of polymerisation of glycine as a function of concentration of sub- 
strate, the amount of the reagent employed and the pH of the medium. The 

20 

results of this interesting study is presented in TABLE B.l. 

Conripounds such as VI could promote in refluxing organic solvents 

24 

ready formation of azlactones as exemplified with benzoyl glycine. 

Apart from their obvious use in peptide synthesis, water soluble 
carbodiimides have found application in bringing about delicate transformations. 
This is exemplified with a very efficient synthesis of the antibiotic, milbemycin 
(CHART B- 10). 

The water soluble carbodiimides listed in CHART B.6 can be used 
either as such or as simple hydrochlorides or equivalent salts or as quaternary 
salts arising from transmethylation involving paratoluene sulfonic acid methyl 
ester. 


In the present work, the water soluble carbodiimides have been 
used with a novel objective, namely, to discern preferences in the formation 
of peptide bonds from amongst several possibilities (SECTION C.). 
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TABLE B-l 


Glycine 
Concent- 
ration % 

Glycine/ 

reagent 

pH 

Unreacted 

Gly 

di-pep 

tri- 

Tetra - 
+ 

hex a 

Poly - 
mer 

20 

I 

3 

3 

30 

50 

2 

20 

I 

7 

30 

3 

3 

0 

20' 

2 

4 

30 

40 

15 

0 

20 

0.5 

6 

1 

5 

15 
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REVERSE MICELLES 


Reverse micelles are ordered assemblies that are formed when 
some surfactants are dissolved in non polar solvents. Since the polar heads 
of the surfactant naturally tend to avoid the solvent, they form a polar core 
with the hydrophobic chain engulfed in the solvent. Interestingly, the nomencla- 
ture of such systems as reverse micelles arose from the fact that historically 
the reaction of surfactants in water was long recognized and studied and in 
these systems the ordered assembly arising from aggrandization of the hydro- 
phobic tails in the core with the polar heads directed at water, was termed 
a micelle (CHART B.ll). 

The great current interest in reverse micelles is primarily because 
of their ability to harbour water pools of varying properties. Indeed, such 

systems are considered as ideal subjects of an investigation for those chemists 

26 

who are interested in the spontaneous formation of ordered structures. 

Properly prepared reverse micelles systems in non polar solvents 

are clear and enable the study^ of water soluble systems ranging from simple 

molecules like polyhydroxy compounds to the most complex enzymes and nucleic 

acids by spectroscopic studies. The properties of such systems present in the 

water pools of the reverse micelles, are similar in most cases to that in bulk 

. . 27-29 

water including enzyme activity. 

Perhaps the most widely used surfactant in the preparation of 
reverse micelles is Aerosol-OT(AOT) which is bis-(2-ethylhexyl)sodium sulfo- 
succinate (XI). In the present work also the reverse micellar system study 
involves AOT (SECTION C.). 



CHART B-11 
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LIPOPHILIC CHAIN 

POLAR HEAD 



Normal micelles Reverse micelles 

CHART B-12 






The other names for AOT are, Sodium dioctyl sulfosuccinate ; DSS ; 
AlphasolOT ; Colace ; Comfolax ; Complemix ; Coprol ; Dioctylal ; Dioctyl- 
Medo Forte ; Diotilan ; Diovac \ Disonate ; Doxinate ; Doxol ; Dulsivac ; 
Molatoc ; Molcer ; Molofac ; Nevax ; Norval ; Regutol ; Softil ; Soliwax ; 
Solusol ; Sulfimel ; DOS ; ValsolOT ; Velmol ; Waxsol. 

In view of the importance of AOT, its preparation and general 
properties are noteworthy. AOT is prepared via opening of maleic anhydride 
with 2~ethylhexanol followed by Fischer esterification of the resulting carboxylic 
acid with tlie same alcohol. Michael addition of aqueous sodiumbisulfite to 
the resulting fumarate leads to AOT (CHART B.I2). 

An important parameter that defines the nature of water pools 
in reverse micellar systems involving XI is w^ = [H 2 OMAOT] . 

The important rotomers of XI are shown in CHART B.I2. It has 
1 1 3 

been observed by H and C nmr that as w^ increases in isooctane, the con- 
formational equilibrium shifts towards B. It could be noted that in rotomer 
B the side chain designated as (b) moves deeper into the interface thus creating 
an enhanced micellar order (CHART B.12). 

An astonishing property of AOT is that, it is soluble in every solvent 
ranging from water to hydrocarbons. Commercial AOT preparation should 
be checked to ensure absence of impurity and products arising on hydrolysis> 
since these contaminants could affect reactions involving sensitive enzyme 
systems. 


The importance of w^ = [H 2 OMAOT] with respect to AOT align- 
ment has been referred to earlier. The quantity w^ also determines the nature 
of water associated with AOT reverse micelles in isooctane. Extensive experi- 



mentation led to the conclusion that at values for in the range from 6-8, 
the water molecules are tightly bound to the head of the surfactant. In the 
range where w^ is 8-16 represents a true reverse micellar situation incorpo- 
rating trapped water whose rotational motion is hindered, whose freezing point 
is significantly depressed and a state that has been used for demonstration of 
greatest reactivity. Beyond w^ > 20 • the system becomes a microemulsion 

with the water exhibiting near normal properties. 

Reverse micelles behave like membrane vesicles in many ways 

and the dynamic nature in solvents enable them to coalesce imto larger structures 

which in turn can also break down into smaller units. Thus, in a truly dynamic 

situation, the concentration of diverse materials in a reverse micelle could 

attain equilibrium concentration. Much of the interest involving AOT reverse 

micelles and other equivalent systems, is in the use in microreactors. Diverse 

scenarios involving the permutations of the substrates, the reagent and the 

product could be constructed to make the operation highly versatile. This 

aspect is illustrated in CHART B. 13 which represents the union of substrates 

A and B to form the product, in this particular case using a water soluble 

31 

enzyme as a catalyst. In illustration CHART B.13a,the reagents A and B 
are preferentially soluble in water but the product P is not. Consequently, 
the products formed would be dispelled from the microreactor environment 
thus making the process continuous. CHART B.l 3brepresents a situation where 
A is largely insoluble in water as well as the product. In this situation, the 
diverse equilibria that exist would ensure the continuous transformation of 
the water insoluble A to the water insoluble product P. In CHART B.13c, 
whilst the substrate A is largely insoluble in water, the product P is and’ 
in tte existing' equilibria ‘would ensure the accumulation of the product in 





the water pool. 


Thus, the reverse micelles as microreactors permit interesting 
chemical reactions when the products and the reactants have opposite solubility 
characteristics. 

In view of the importance of the efficiency with which the usually 
insoluble product has to be removed from the microreactor environment, a 
spatial segregation of the product is desirable. An ingenious approach to this 
problem which has profound relevance in biotechnology uses a reactor design 
presented in CHART B.14 which ensures the segregation of the reagent / 
catalyst (enzyme) from the product. The U tube arrangement in CHART B.I4 
consists of semipermeable tubular fibres constructed using inert polyamides 
which prevent the enzymes containing the reverse micelles to enter the bulk 
hydrocarbon interface. In CHART B. 14 the enlarged profile of the tubules 
are shown in ( a , b , and c ) . The operation of this reactor involves 

the application of the enzyme catalyst as well as the substrates using a microsy- 
ringe inside the hollow fibre and harvesting the product from the bulk isooctane. 
This reactor has been used for the preparation of Z-Ala-Phe-Leu-NH 2 and 
Ac-Phe-Leu-NH2> 

Z-Ala-Phe-OMe + H-Leu-NH 2 |fZ-Ala-Phe-Uu-NH 2 + MeOH 

A B C 

E 

Ac-Phe-OEt + H-Leu-NH2'^Ac-Phe-Leu-NH2 + Eton 

A B C 

Although the yields are not spectacular, the design represented in CHART 
B.14 is Indeed a fore-runner of many important developments that are bound 
to take place in this domain. 
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CHART B-14 






The diverse application involving AOT or equivalent reverse micelles 
are summarized below. 

The oxidation of poly unsaturated acids with molecular oxygen 

using oxygenase enzymes are very important biological processess pertaining 

to the metabolism of these edible substances. Reliable kinetics pertaining 

to this oxidation were hard to obtain because of poor solubility of the subst - 

rate. Reverse micellar systems involving AOT provided a admirable solution 
33 

to this problem. 

Steroids in general are hydrophobic and their enzyme mediated 
transformation poses problems in the laboratory. Here again, the reverse micellar 
systems provides a useful microreactor. Thus, using AOT isooctane system^ 
ketosteroids have been reduced using the appropriate co-enzyme - enzyme 
combination. !n a similar manner progesterone and prednisone have been reduced 
using the appropriate enzyme in combination with NADH coenzyme using cetyl- 
trimethyl ammoniumbromide (CTAB)/ hydrocarbon reverse micelle system. 
In this reaction, the NADH was regenerated by hydro genase that 
uses hydrogen. Thus, the gaseous hydrogen reduces methyl violegen 
which in turn reduces NAD'*', Thus NAD"^ and are recycled whilst hydrogen 

is consumed (CHART B.I5). 

The above examples cited are illustrative and by no means exhaustive. 

The use of immobilized enzymes currently play a pivotal role' in 
biotechnology. Whilst the reverse micellar systems currently represent a very 
early stage in development, this technique has potential to even surpass immobi- 
lized metholodolgy in terms of simplicity, costs and versatility. Micellization 
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CHART B-15 


a 



APOLAR KETO STEROID 

APOLAR 

2 op -HYDROXY STEROID 


a sa CTAB /alcohol surfactant 
X s Hydrogenase, Y a Lipoamide dehydrogenase 
Z « Steroid dehydrogenase 
MV* Methyl violegen 



of enzymes affords flexibility in terms of reaction parameters. The great 
flexibility here permits the use of a whole range of a polar substances. However, 
much remains to be done in the development of appropriate technologies to 

I . . . . 34 

enable optimization for parameters. 

In the present work, the reverse micellar system has been used 
in a novel manner to achieve selectivity in peptide synthesis. In this, the peptide 
bond formation is envisaged to take place at the micellar interface mediated 
by an appropriate cosurfactant carbodiimide. 
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SECTrON C : PRESENT WORK 


The diversity that exists in the side chains of the 20 coded amino 
acids, would most certainly, lead to preferences in alignments and the choice 
of proximate partners. Peptide bond formation taking advantages of such prefe- 
rences, would lead to preferred peptide sequences that may well be precursors 
to present day enzymes. The work described in the present section outlines 
efforts directed at selective peptide bond formation based on molecular order 
and ranging from the most organized crystal lattice to the synthetically created 
micellar systems. 

STUDIES ON SELECTIVE PEPTIDE BOND FORMATION 
IN A CRYSTAL LATTICE 

Studies on the X-ray structures of pairs of amino acids, so chosen, 
that the side chains on mutual interaction , would lead to a salt showed most 
interestingly, ordered arrangements , without exception . The layers of 

amino acid pairs, were homogeneous. Of particular relevance to the present 
work is the crystal structure of aspartic acid - histidine, which is presented 
in CHART C.l, 

The aspartic acid - histidine mixed crystals exhibit a highly ordered 
arrangement consisting of alternating bilayers of aspartic acid and histidine, 
wherein all the hydrogen bonding possibilities are taken advantage of. As could 
be seen from CHART C.l, the horizontal arrangement of aspartic acid residues 
is such that the 0 -COOH always face the a -amino acid moiety of 
the neighbour. With reference to the histidine bilayers such a situation does 
not exist. In this case, the a -amino acid moiety faces the adjacent Asp 3 CO2H 
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CHART C-1 



ORDER IN ASP-HIS MIXED CRYSTAL 



residue. An extraordinary feature of the arrangement illustrated in CHART C.I, 
is that the aspartic acid residue, either horizontally or with the adjacent layer, 
is lined up for the peptide bond formation in such a way that the 3 -peptides 
are formed. 

The various possibilities for the peptide bond formation dictated 
by order such as illustrated in CHART C.I, is shown in CHART C.2. 

In CHART C.2, the repeating layers are designated as a,b,c and 
d. Peptide bond formation either involving a or b or a combination of both 
would give rise to NH 2 -Asp{ ot-OH)-Asp(a -OH) - - - . On the other hand the 
peptide bond formation initiated by layer b can lead to the sequence .1 - 2- 

- 1-2- leading to NH 2 Asp( a -OH)-«is-Asp( a -OH)- or 1 - 2 - 1 -1- - 

leading to NH 2 -Asp( a -OH)-His-Asp(a -OH)Asp( a -OH)-^p( a -OH)-His - - - 
It was felt that the demonstration of the peptide bond formation in a mixed 
crystal such as presented in CHART C.I, without disturbing the crystal order 
would be of significance. 

It was envisaged that this could be attained by co-cry stallizing 
aspartic acid, histidine and a carbodiimide precursor, the latter so designed 
as to generate the condensing agent on photolysis, a process that most probably 
would do minimum damage to the crystalline arrangement. 

A careful examination of the literature showed that the only mole- 
cular system that fulfills the above stated, rather stringent requirement is 
1, ^-dimethyl -tetrazoline -5-thione This compound is reported to undergo 

photolytic double extrusion of N 2 and S leading to dimethyl carbodiimide. In 
the present work, it was considered appropriate to extend this to related models, 
namely, l,^-dimethyl-5-diazo-tetrazoline (2) and the tetra amino ethylene (9) 
(CHART C.3). 
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CHART C-3 


M6 — 




hD 


N2 S 


Me~N = C 



Me~N 


? 

— ► 2Me-N=C 
N2 


= N — Me 


C=N--Me 


N— Me 



The double extrusion of N 2 from (7^) leading to the active condensing 

agent dimethyl carbodiimide was considered to take place with greater facility 

than with (J_) involving extrusion of S and N 2 . Compound (^) represents an interes- 

ting system wherein, the central n bond is liganded to nitrogen carrying lone 

pairs. Such systems are inherently unstable and could be used to form carbenic 
36 

intermediates. In the case of (9), such a carbenic intermediate can be antici- 
pated to extrude N 2 readily with the formation of dimethyl carbodiimide. 

The first phase of the work reported in this thesis thus envisaged 

the preparation of (J_), (7) and (9), or related compounds, the use of such carbodi- 

\ 

imide precursors to form crystals in conjunction with an amino acid pair whose 
structure is known - such as the case of Asp-His (CHART C.l), the determina- 
tion of X-ray structures of the composite, the generation of dimethyl carbodi- 
imide by photolysis and characterization of the nature of the peptide bond 
formed. 

The preparation of 1, ^-dimethyl -tetrazoline-5-thione (j_) is illustra- 
ted in CHART C.4, The reaction of freshly prepared MeNCS with azide ion, 
followed by treatment with dimethyl sulfate gave l-methyl-5-(methylthio)-lH- 
tetrazole (2). Compound (_2), in turn, on neat heating with dimethyl sulfate 
led to the key methosulfate (3^). The in situ demethylation of (^) gave the expected 
thione (J[) in 45% yields 


l,4-dimethyl-tetrazoline-5-thione (J_) : 
mp. 1,02-1 03”C 

ir 


nmr 


^^^^^(KBr) cm"’ J 1360 (C=S). 
5(CDCl3) .. 3.9 (s, 6H, (NMe) 2 ). 
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CHART C-4 


Me NH2 


a, b 


Me~-NH-C~S~COOEt 


-►MeN = C=S 



r 

Me-N 


A 


n 


N 


L 


\_„ / 

N— N 


J 


SMe 

^ Me-N^^N 

\^l 

N — N 


(2) 


SMe 

Me~N ^^N'-Me 

\^/ 

N — N 

Me0S03 

( 3 ) 


S 

t 

► Me-N N-Me 

\_l 

N — N 

( 1 ) 


a : CS2 , KOH •, b: CICOOEt ; c : A ; d; Aq NaN3 •, 
e : (Me0)2 SO2 ; f : NEt3 



ms 


m/z : 130 (M^), 73 (MeNCSf. 


1 -Methyl-5-(methylthio)-l H-tetrazoIe (2) : 
bp. 138-1 W 10 torr. 

nmr : 6 (CCl^) : 2.8 (s, 3H, SCH3), 3.9 (s, 3H, NCH3). 

ms ; m/z ; 1 30 (M'^). 


The methosulfate intermediate (_3) was considered as an appropriate 

starting material for diazo compound (T). The reaction of (_3) with tosylhydrazide 

led to the formation of the expected tosylhydrazone (^). However, pyrolysis 

of Na salt of (£), under conditions normally employed for the transformation 
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of tosylhydra zones to diazo compounds , did not succeed. 


1,4-dimethyl-tetrazol ine-5-tosylhydrazone (^) ; 
mp, 204-205'>C. 

‘r * ^m«v(KBr) cm”' : 3250 (NH), 1620 (C=N), 1330, 1160 {SO ). 

maX 

nmr ; 6 (CDCI3) ; 2.5 (s, 3H, CH3). 

ms : m/z : 282 (M+), 197 (TsNHN =CH+), 155 (TsH*)’"- 


Thermolysis of (±) either neat or in xylene resulted in the fragmenta- 
tion of the molecule as evident by isolation of Ts containing product. The fate 



of the other fragments could not be determined. 

As an alternate route to {7), the hydrazone (^) was prepared by 
two different procedures. The reaction of jn situ generated methosulfate O) 
with benzhydrazide led to the benzhydrazone ( 5a ) in k6% yields. In a similar manner, 
ethylcarbazate afforded the carbmethoxy hydrazone (5b) in 20% yields. 


1.4- dimethyl-tetrazoline bezoylhydrazone (^) ; 
mp. 221-222°C. 

‘f ■ Vj,j,.|gj^(KBr) cm~* : 3240 (NH), 1645, 1545 (amide). 

nmr ; 6 (CDCI2+ DMSO-dg) ; 3.69 (s, 6H, CH3), 7.39 - 7.91 (m, 5H, aromatic). 

1 .4- dimethyl -*tetrazoline-5-ethyl carbazone (5b) ; 
mp. 120-124®C 

ir ; v^^jKBr) cm"' : 3480 (NH), 1720, 1625 (urethane). 

miciX 


Acidic hydrolysis of ( 5a) and basic hydrolysis of (5b), afforded 
the hydrazone {£) in poor yields. Attempted oxidation of this with HgO gave 
intractable mixtures (CHART C.5). Similarly, the attempted preparation of 
dimer (9), either from coupling of (2.), mediated by trialkylphosphite or ^ union 
of the conjugate base of the tosylhydrazone (^) with (Jl^) (CHART C.6), did not 
succeed. More determined persuits to diazo compound (J) and the dimer (£) 
were abandoned becaused of difficulties in the formation of mixed crystals 
involving 3 components (vide infra). 



37 


CHART C-5 



(§a);R = Ph (D 

( 5 b): R = OEt 


a: TSNHNH2, Py , EtjN b : BzNHNHj / EtOCONH2 , Py, Et3N 
c: 6 NHCI/lNNaOH 
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CHART C-6 



— ( 1 ) 


( 8 ) 



Whilst, endeavours towards {7) and were in progress, several 
experiments involving diverse techniques were performed to form mixed crystals, 
involving appropriate amino acid pairs and the thione (X). Extensive studies 
were done specifically with the objective of preparing aspartic acid + histidine 
+ thione (X) mixed crystals. In most cases either from water or from aqueous 
acetone, the thione (X) crystallized out separately. The difficulties encountered 
could largely be due to problems associated with growing crystals incorporating 
multicomponents. Yet another difficulty could arise because of lack of inter- 
action of the thione (X) with the amino acid systems studied. In order, to reduce 
the number of components in growing crystal composites and in order to provide 
possibilities for salt formation, endeavours were made to attach either basic 
or acidic side chains to the operating part of thione (X)* Thus, the replacement 
of one of the methyl ligands in (X) with either a basic or an acidic moiety 
would enable salt formation with the side chains of the appropriate amino acid, 
which, in turn, should facilitate the formation of crystal composite. Such crystals 
would retain the property to form the carbodiimide condensing reagent on photo- 
lysis which could lead to peptide bond formation in a crystal lattice. This approach 
is illustrated in CHART C.7 with Asp-Mannich base carbodiimide precursor. 

1 -Methyl- 2 -tetra2oline-5-thione (10) and 1 -Phenyl- 2 -tetrazoline- 
5-thione ( 1 1) were considered as logical starting materials for attachment of 
appropriate side chains. In these compounds, the 4-nitrogen as well as the thione 
S of ( 10) could be the site for possible ligand attachment. However, it was 
felt that the site of alkylation can be controlled on the basis of reaction condi- 
tions and the nature of the product established by physical methods. Compounds 
( 10) and (XL) were prepared in, respectively, 46% and 84% yields by reaction 
of MeNCS/PhNCS with aqueous sodium azide (CHART C.8, CHART C.9). 



CHART C-7 


s 

u 

A-N'^N-CH2NR2 

N==N 






N-N 

1 =:Asp 2* II Vs 

N'-‘N 

I 


A 



R2NH 



^ H2N - Asp (oC OH)- Asp (oC-OH) 



1 -Methyl - 2 -tetrazoline-3-thione ( 10 ) ; 
mp. I25-127°C. 

if Vr^aj^(KBr) cm'* : 1330 (C=S). 

nmr : ^(CDCl^) : 4.0 (s, 3H, CH 3 ), 7.4 (br, IH, NH). 

ms : m/z : 116 (M+), 73 (MeNCS+). 


I -Phenyl- 2 -tetrazoline-5-thione (II) : 
mp. I54'»C. 

ir : 

nmr s ^(CDClj) ; 7.6 (d, t, 3H, o,p.protons), 8.05 (m, 2H, m-protons). 


It was thought that Mannich reaction would provide the easiest 

procedure for the preparation of tetrazole thiones, carrying a basic moiety. 

Indeed, the preparation of several such Mannich bases reported, although, the 

physical data pertaining to these were not available . Surprisingly the simplest 

of the Mannich bases, namely, l-methyl-4-dimethyl amino methyl tetrazoline-5- 

thione and 1 -methyl-^- diethyl amino methyl-tetrazoUne-5-thione could not 

be prepared by reaction of (JIO) with respectively, dimethylamine and diethylamine 

and formalin. In view of the fact that the diethyl amino methyl Mannich base 
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has been claimed a reaction of (JJ_) with diethylamine and formalin , our 
failure with ( 10 ) was surprising. In the event, however, repetition of the reaction 
of (n_) with diethylamine and formalin gave compound having melting point 
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as reported but whose nmr clearly showed that this compound was not the 
Mannich base, but, to which, on the basis of physical data, the structure l-phenyl-5- 
diethylamino tetra20line( 14) has been assigned, arising from nucleophilic attack 
on thione (JJ_) followed by loss of H2S. The yield of (j_4) was 58% (CHART C.9). 
A similar pathway would account for failure to obtain Mannich base from (10) 
with dimethylamine and diethylamine and formalin. 


1 -Phenyl-5-(diethylamino tetrazoline)(l_4) : 
mp. lire, 

nmr : 6 (CDCl^) : 1.5 (t, 6H, CH2-(CJl3)2), 3.15 (q, 'tH, N(CH2)2-CH3), 

7.5 (d, t, 3H, o ,p. protons), 8.0 (m, 2H, m-protons). 


Interestingly, piperidine and morpholine, gave Mannich bases easily. 
Thus, the reaction of ( 10 ) with piperidine and formalin gave rise to the expected 
1 -methyl-4-piperidinomethyl-tetrazoline-5-thione ( 1 3) in 56% yields. The struc- 
tural assignments for ( 1 3) is supported by spectral and analytical data. The 
N -substitution is particularly evident from the nmr spectrum which exhibits 
a singlet at 6 5.2, clearly attributable to N-CH2-N protons. 


l-Methyl-4-(piperidinomethyl)-tetrazoline-5-thione ( 1 3) : 

Oil 

ir : V (KBr) cm”* : 13^0 (C=S). 

rnB'X 

nmr : 6 (CDCI3) : 1.65 (m, 6H (0112)3), 2-7 (m, W, N-(Cjl2)2)» 3.9 (s, 3H, 

N -0113), 5.2 (s, 2H, N -Cii2-N). 
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MeNCS 


a 


a ; aq N3 , reflux 
c ; PhCH2Br, Et3N 


S 

A 

Me-N^NH 

\ / “ 
N=^N 

( 10 ) 

b : formalin 


S 

MeN N 
\ / 
N=N 

( 13 ) 


■CH2 -n3 


/pip/MeOH 


SCH2Ph 
MeN^N 

\ i 

N=N 

( 17 ) 


CHART C-9 


PhNCS-^ 


S 

A 

Ph~N"^NH 
\ / 

N = N 

( 11 ) 



a : aq N 3 , j b: formalin /Et^^NH/MeOH ; c : Formalin /pip ^ 
d : formalin j e : formalin / morph ; f : pip ; g : morph j 
h : BrCH2C02Et/Et3N/PhH ; i : BrCH 2 COOH / Et 3 N /PhH ^ j : INKOH 



ms ; m/z : 21 ^f (M’^+H), 154 (MeN=C=N-CH 2 -NHCgHj j^, 
I 01 (MeNCSN=CH2r. 


As stated earlier the choice of these, such as (J^) was because 
of their being precursors to carbodiimides involving extrusion of S and N 2 , 
although the mass spectrum of (jO itself did not exhibit such a fragmentation 
pattern ( vide supra) . The Mannich base (1 3) exhibited a prominent mass peak 
at m/z (154) which is attributed to the loss of N 2 and S from this compound. 
Thus, it appears that compounds such as (J[3) could lead to carbodiimides on 
thermolysis, Crystalline Mannich bases were obtained from 1-phenyl -2 -tetra- 
zoline-5-thione (11). Thus, the reaction of (1 1) and formalin with either piperidine 
or morpholine gave the expected Mannich bases (15) and ( 16) in respectively 
(67%), (74%) yields. 


l-Phenyl-4-(morpholinomethyl)-tetrazoline-5-thione (J^) • 
mp. 154‘>C. 

ir : cm"* ‘ 1350 (C=S). 

nmr J 6(CDClj) ; 2,8 (t, 4H, N(Cii 2 ) 2 )» ^5, 2H, 

N-CH 2 -N). 7.5 (d, t, 3H, o,p,protons), 7.9 (m, 2H, m-protons). 


1 -Phenyl-4-(piperidinomethyl)-tetrazoline-5-thione ( 16) : 
mp. 136-137“C. 


ir 


'^r„ 3 j((KBr) cm”* J 1350 (C=S). 



nmr 


(CDCI3) : 1.5 (m, 6H, (€112)3), 2.3 (m, N-(Cli2)2), 5.3 (s, 2H, 

^"Q]l2"N)j 7.5 (d, t, 3H, o ,p, protons), 8.0 (m, 2H, m-protons). 


Since the formation of ( 1 5) and ( 16) must involve a common N-CH2-OH 
precursor, it was considered appropriate to prepare this compound. The reaction 
of ( 1 1) with formalin easily resulted in the formation of l-phenyl-4(hydroxy- 
methyl)-tetrazoline-2-thione-5 ( 1 2) (CHART C.9). 


1 -Phenyl-4(hydroxymethyl)-tetrazoline-5-thione (12) : 
mp. 94®C. 

• ^m=,v(KBr) cm'* : 3300 (OH), 1360 (C=S). 

rriox 

nmr : 6(CDCl3) ; 4.9 (OJl), 5.8 (s, 2H, CH2), 7.5 (d, t, 3H, o, p, protons), 

8.0 (q, 2H, m-protons). 


Parenthetically, compound (12) could, by loss of elements of water, 
lead to a protonated Schiff base intermediate that would be proximate to a 
thione grouping. Therefore, compound (12) could be used as a substrate for 
nucleophilic reactions as well as in cycloadditions. As expected, (12) on treatment 
with either piperidine or morpholine gave the Mannich bases ( 15) and (16). 
The route to this compound (12) was found to be more practical (CHART C.9). 

The case of transformation of hydroxymethyl compound (12) to 
Mannich bases (15) and (16) made it logical to use this compound for the prepara- 
tion of the diethylamino compound which could not be obtained directly (vide supra) . 



In the event, the reaction of ( 1 2 ) with diethylamine without solvents resulted 
in the formation of a compound which was neither the expected Mannich base 
nor compound (U). 

Having a range of Mannich bases at hand, endeavours were made 
to demonstrate the salt formation between the more readily available Mannich 
base ( 16 ) and carboxylic acid containing substrates. Clear filtrates resulting 
from aspartic acid and ( 16 ) were evaporated. The resulting solid melted over 
a range, its ir was not in agreement with that expected for the salt and the 

tic, using Phenol - H 2 O as developer followed by hinhydrin spray, clearly showed 
the prescncrc of free aspartic acid. In view of the unsatisfactory results, it 
was considered necessary to demonstrate the salt formation between the Mannich 
base (J6) and a more easily characterizable carboxylic acid containing substrate. 
Equimolar amounts of ( 16) and phenylacetic acid were finely ground and crystalli- 
zed from 95% EtOH. The ir, tic and melting point behaviour showed the absence 
of crystals of the salt. Similar results were obtained from methylene chloride 
solution of the piperidine Mannich base ( 16) and the morpholine Mannich base 
( 1 ^ and the phenylacetic acid. In all the above cases, although salt resulted, 
they could not be induced to provide crystals suitable for further investigations. 

An alternate approach envisaged the attachment of an acetic acid 
chain to the position of the thione (JJ_), this was endeavoured via treatment 
of (JJ_) with ethylbromoacetate in benzene in presence of triethylamine. The 
crystalline compound thus obtained has been assigned the S-alkylated structure 
( 20) on the basis of spectral data ^ ’ (CHART C.9). 

The N and S alkylated products arising from (|0) and (JJ_) can be 
easily distinguished on the basis of nmr. Thus I-Benzyl " 2 - tetrazoline-5-thione (J_8) 
-prepared from benzyl-NCS and NaN^ - on treatment with benzylbromide in 


benzene in presence of NEt^ gave l-benzyl-5-(benzylthio)-lH-tetrazole ( 19 ) 
(CHART C. 10). The nmr spectrum of compound (19) clearly distinguishes the 
N-alkylated and S-alkylated ligands, wherein the methylene protons appear, 
respectively, at 6 5.3 for N-CH^-Ph - similar to that observed in Mannich bases 
and at 6 if. 5 for the S-CH^Ph. The latter assignment is confirmed via prepara- 
tion of l-Methyl-5-(benzylthio)-l H-tetrazole (1 7) - by reaction of ( 1 0 ) with C^H^- 
CH^Br/NEt^. In compound ( 17 ) the S-CH^-Ph appeared at 4.5 ppm as in the 
case of ( 1 9). The fact that the methylene protons arising from alkylation of 
(IJ) with BrCH2C02Et appeared at 6 4,2 clearly indicates S-alkylation. The 
reaction of ( 11) with BrCH2C02H/NEt ^ again resulted in S-alkylation leading 
Compound ( 2 1) could also be prepared by saponification of (20). An 
unusual feature of (2J_) is the appearance of the methylene protons as a doublet. 
Whilst the intensities of the two peaks of the product arising from the saponi- 
fication of ( 20) were nearly equal, that obtained from direct alkylation exhi- 
bited the two peaks of different intensities. In addition, the ir spectrum of 
this compound clearly showed salt like characteristics. Consequently, the product 
is considered as a mixture of the expected acid and the corresponding zwitter-ionic 
product. 


I -Fhenyl-5-(thioacetate)-l H-tetrazole (20) : 
mp. 84-6®C. 

; V (KBr) cm"' : 1740 (ester), 
max 

: 6 (CDCI3) : 1.3 (t, 3H, 0-CH2-CJi3), 4.25 (s, 2H, S-Cii2), 

O-CJI2CH 3), 7.6 (s, 5H, aromatic). 


nmr 
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1 -Phenyl-5-(thioacetic acid)-IH-tetra2ole (21) : 

Oil 

ir : v^,^(neat) cm'* : 3700 - 2300 (br), 1710 (COOH). 

rTidX 

nmr : 6(CDCi^) : 4.2 - 4.3 (2H, CJl^rCOOH), 7.32 - 8.2 (m, 5H, aromatic), 

ms : m/z : 237 MH’*' 

I 

This finding is similar to results obtained on treatment of ( 1 8) with 
alkyl halides , 

1 -Benzyl -2-tctra7,oline-5-thione ( 1 8) : 
mp. 143‘'C. 

ir : v^^^((KBr) cm‘' : 3090 (NH), 1360 (C=S). 

rriaX 

nmr : 6 (CDCl^) : 5.4 (s, 2H, NCJH^^-Ph), 7.4 (br, 5H, Ph). 

l-Ben2yl-5-(benzylthio)-lH-tetrazoie ( 19) : 
mp. 59-60®C. 

ir ; V (KBr) cm"' : 3000 (-NH), 1610 (C=N), 1505 (N=N). 

max 

nmr : 6 (CDCI3) :■ 4.5 (s, 2H, S-CH2-Ph), 5.3 (s, 2H, NCH2-Ph), 7.3 (br, lOH, 

aromatic). 
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PhCH 2 N=C 


a : aq N 3 , 


CHART C~10 


s 

n 

PhCHoN^^NH 

( 10 ) 


SCH2Ph 


A 


PhCHoN 

/ 

N = N 

m) 


b : PhCH2CI , NEt3 , Et2 0 



1 -Methyl-5-(benzylthio)-l H-tetrazole (17) ; 


OiJ 

nmr : 6 (CDCl^) : 3.75 (s, 3H, N-CH^), ^.5 (s, 2H, S-CH 2 ), 7.3 (s, 5H, 

aromatic). 

ms : m/z : 206 (M^). 

The N versus S alkylation of system represented ( 10) and ( II) 

can be rationalized on the basis of HSAB principle. On the basis of this, the 

attachment of a propionic acid side chain to (J_l_) was attempted addition 

W 

of acrylate. These endeavours did not succeed 

The experience arising from the work described above clearly 
brought out two major problems, namely, the preparation of tailor made carbo- 
diimide precursors and the preparation of crystal composites. Whilst the syn- 
thesis of a range of Mannich bases demonstrate that the former objective can 
be achieved, the uniform failure in endeavours to produce crystal composites 
does tend to show that this problem could be very severe. Therefore, alternate 
methodologies for the demonstration of selective peptide bond formation was 
explored and these are described below. 



EXPERIMENTAL AND THEORETICAL APPROACH TO SELECTIVE PEPTIDE 


BOND FORMATION IN AQUEOUS MEDIA : 

The order that exists in crystal lattice harboring a pair of amino 
acids, could logically be extended to their concentrated aqueous solutions. 
In this event, the condensation of amino acids, taking advantage of this order, 
can be achieved directly using water soluble carbodiimides. Interestingly, such 
a selective peptide bond formation in a milieu is also related to the problem 
of pe[)tidc bond formation in the very early stage of protein evolution. A question 
that has been raised for a number of years, is the possible preferences in the 
formation of peptide bonds and peptide sequences. In terms of strategies currently 
understood in organic syntheses, the establishment of such preferences would 
have a direct bearing on not only the evolution of functional system but also 
the possible methodologies by which the enzymes were constituted. This aspect 
is illustrated in CHART C.ll. 

If one considers the synthesis of an enzyme having an amino acid 
sequence 1 n, a retro synthetic analysis would offer two broad possibilities. 
Thus, polypeptide could be made either by the addition of a single unit or in 
a convergent approach by joining existing preferred sequences. The efficiency 
of the latter approach is significantly higher and consequently would be a more 
favoured pathway for the production of complex enzymes. This notion would 
lead to the logical poser as to what such preferred segments would be.As shown 
in CHART C.12 the preferences in peptide bond formation involving all the 
20 coded amino acids in aqueous medium can be examined by tvyo methodologies. 

106251 
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CHART C-11 

EVOLUTION OF FUNCTIONAL SYSTEM' 



1 

ADDITION BY SINGLE UNITS ADDITION OF MULTI-UNITS 

(CONVERGENT APPROACH) 

INEFFICIENT MORE EFFICIENT 

THEREFORE THE FUNCTIONAL SYSTEM EVOLVED FROM COMBINATION 
OF EXISTING SMALL PEPTIDES 
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CHART C-12 


WOULD THERE BE PREFERENCES fN PEPTfDE BOND FORMATFON WHEN 
all THE 20 CODED AMINO ACIDS ARE PRESENT IN WATER IN PRESENCE 
OF A CONDENSING AGENT ? WOULD THERE BE A CHOICE OF NEIGHBOURS ? 


EXPERIMENTAL APPROACH 


THEORETICAL APPROACH 


OF THE n NUMI\ER OF POSSIBILITIES 
WHEN AMINO ACIDS a & b ARE 
MADE TO COMBINE, DETERMINE THE 
RATIO OF PEPTIDES FORMED. 


A COMPUTER BASED ANALYSIS 
OF A SIGNIFICANT NUMBER 
OF ESTABLISHED PROTEIN SEQUEN- 
CES SHOULD PROVIDE EVIDENCE FOR 
PREFERRED POLYPEPTIDE UNITS 
AS SYNTHONS. 



The experimental approach, as shown in CHART C.|2, envisaged 
the combination of unprotected amino acids a_ and ^ in clear solutions in water 
using a water soluble condensing agent and delineation of preferences in dipeptide 
formation via analytical methods. In other words, such an experiment would 
show the preferences in dipeptide formation, amongst the number of possibi- 
lities, in terms of quantities of products formed. It could be readily seen that 
this methodology would require, even for a pair of amino acids, extensive experi- 
mentation. For example, Glutamic acid and Leucine could combine to form 
six dipeptides ( vide infra ). In order to establish preferences, if any, the product 
mixture has to be compared with each of the authentic dipeptide samples. 
Whilst, the demonstration of such selectivity would constitute a novel finding, 
it would represent only a pointer and a preliminary observation. In spite of 
this, it was felt that a beginning can be made which could be further developed 
as a methodology related to two components and multicomponent systems. 
Regardless of the relationship between such preferences and protein evolution, 
it was felt that the establishment of such preferences by experimentation would 
lead to a better understanding of the side chain interactions of the coded amino 
acids in water. 

In the event preferences do exist with respect to the choice of 
neighbours and consequently a preferred sequence, the intriguing poser arises 
as to whether such selectivity can be discerned in present-day proteins and 
if so, what would be its significance pertaining to protein evolution. 

A key turning point in evolution leading to life would be the error 
free replication of the information molecule. This could be achieved only via 
enzymes. Stating this in a different way, it is logical to assume that those 
enzymes which are capable of replicating the information system without error, 



would be sustained and improved upon. This would be possible only on the basis 
of ;in existing relationship between primary nucleic acid sequences on the one 
Iwnd and the primary amino acid sequences on the other. The establishment 
and evolution of this relationship should reflect in the choice of amino acid 
neighbours and hence the existence of preferred sequences^L 

Most protein alterations in Nature can be traced through point 
mutation of the information system. The changes that can take place in the 
primary amino acid sequence as a function of point mutation can be easily 
known via relationship through the genetic code. An important reason is the 
finding that even amongst the numerous variations that can take place as a 
func’tion of point mutation, some are clearly sustained over others^^. It is possible 
tliat here also side chain preferences play a role. 

In view of the above, it was considered to be of interest to compli- 
ment preferences established via experimentation with those present in biologically 
active proteins. The achievement of the latter objective would entail the develop- 
ment of a computer program that would analyse the frequency of the neighbours. 
This has been done in the present work ( vide infra ). The overall objectives per - 
taining to the present sub-section are presented in CHART C.12. 

The water soluble carbodiimides used in the present study are 
; I-Cyclohexyl-3(3-dimethylaminopropyl)carbodiimide metho-p-toluene sulphonate 
( 22) and l-Cyclohexyl-3(3-diethylaminopropyl)carbodiimide etho-p-toluene sulpho- 
nate (25) (CHART C.13). 

The reaction of N,N-dimethylaminopropylamine with cyclohexyliso- 
thiocyanate gave thiourea (23) which was converted to carbodiimide ( 24) by 
HgO oxidation. The terminal nitrogen was quaternized by transmethylation 



CHART C-13 


Me 

Me-^~CH2CH2CH2NH2 







with methyl-p-toluene sulphonate yielding (22). The overall yield was 35%. 


1 -Cyclohexyl-3(3-dimethylaminopropyl)carbodiimide metho-p-toluene sulphonate ( 22) 
mp. ISS^C. 

• v^g^(KBr) cm”* : 21^0 (carbodiimide) 

nmr : 6 (I'^^o): 1.4 (br, 12H, (012)5, N-CH2-CH2-CH2-N), 2.3 (s, 3H, CjH3), 

2.92 - 3.6 (br, 14H, Me3fij-CH2-CH2-CH2-N + tert.proton), 7.4 (d,d, 
4H, aromatic). 

I -Cyclohexyl-3(3-dimethylaminopropyl)thiourea (23 ) : 
mp. 7PC. 

ir ! V (KBr) cm"' : 3240 (-NH), 1650 (thiourea). 

iTiqX 


1 -Cyclohexyl-, 3(3-dimethylaminopropyl)carbodiimide ( 24 ) : 
Thick syrup 

ir j v^,,„(neat) cm”' : 2160 (carbodiimide). 

niaX 


Compound (^) is freely soluble in water and is very efficient 
in the formation of peptide bonds in aqueous medium. Further, the carbodiimide 
(22) can be recovered unchanged by keeping in pH 10 borate buffer for 1 hour 
and rather surprisingly in water for 3 hours. The peptide bonds are formed with 
(^) using equimolar amounts of the substrates and the reagent. The fact that 



that dipeptides arc formed in very good yields clearly show that the reaction 
of (22) with the carboxyl function of the amino acid leading to an activated 
('.'■.t('r is overwhelmingly preferred over the reaction of ( 22) with water. This 
is an interesting observation particularly since the activated ester formation 
with ( 2 ^ really mimics similar processes that take place in living systems. 
It is possible that, in water, ( 22) is folded in such a manner so as to maximize 
lone pair + charge interaction (as shown in CHART C.13),which would give 
a measure' of protection to the carbodiimide from water. 

I ■-(lyrlohexyl-3(3-N,N-diethylaminopropyl)carbodiimide etho-p-toluene 
Mil[)fiotut to (25) was prepared in a analogous manner from N,N-diethylaminopropyl- 
.trnine tliiaurea ( 2d ) and the carbodiimide ( 27) in a overall yield of 34%. 


) “Cyclohexy 1- 3( 3-N,N-diethylaminopropyl)carbodiimide etho-p-toluenesulphonate 
(25) : 

mp. 148-150°C. 

ir ! V (KBr) cm'^ : 2145 (carbodiimide). 

rria X 


l-C:y<'lohexyl-3(3-N,N-diethylaminopropyl)thiourea (26) : 
mp, 74‘’C, 

ir ! V (KBr) cm"^ : 3210 (NH) 

rnQX 

nmr : 5 (CDCI 3 ) : 0.9 (t, 6H, 2 x CH 2 -CH_ 3 ), 2.5 (m, 6H, 3 x N -C_H 2 ), 

3.5 (m, 3H, Cjl 2 NH(CS)NHCH). 

ms ; m /2 : 271 (M+H)+, 199 (277-(NHEt2)). 
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l-Cyclohexyl- 3 ( 3 -N,N-diethylaminopropyl)carbodiimide (27) : 

Thick syrup 

• Vj,^_^^(neat) cm"^ : 2125 (carbodiimide). 

nmr : 6(00013) : ].o (t, 6H, 2 x OH 2 C_H 3 ), 2.5 (m, 6H, 3 x N-0_H2), 

3.25 (t, 2H, JH 2 C-N=), 3.5 (br, IH, tert.proton). 

ms ! m/z. ! 183 (256 - Et 2 NH), 256 (MH ■"+H 2 Q). 


It wasS surprising, that, in view of the excellent potential of water 

1 3-25 

soluble carbodiimides, they have found only very limited applications . A parti- 
cularly noteworthy recent application of these systems is in the production 
of antibody enzymes (abzymes)^^. 

At the outset, the efficiency of ( 22) and ( 25) in bringing about 
the peptide bond formation was tested with model substrates. The reaction 
of (^5) with N-phthaloyl glycine and glycine methyl ester in equivalent amounts 
and in aqueous medium for 6-8 hours resulted in the formation of the dipeptide 
N-phthaloyl Glycyl-Cilycine methyl ester (28) in 83% yields. Parenthetically, 
N-phthaloyl Glycine has limited solubility in water. The importance of water 
solubility is clearly brought out in the reaction of N-phthaloyl Phe and leucine- 
methyl ester - both of which have limited solubility - with ( 25) in water for 
^ hours. In this case the yields of the dipeptide ( 29) was considerably less (46%). 


N-Phthaloyl-Gly-Gly-OMe (^) s 
mp. I94‘‘G. 



it 


v^^,3^{KBr) cm'* : 1780, 1650 (Phth), 17^0 (ester). 


nmr : 6 (( l/(,s, 3H, COOCH_^), l^,o (d, 2H, NH-Cjl2-COOCH3), 4.4 (s, 2H, 
^^.J1.2“COOMe), 6.4 (br, IH, NH), 7.7 (m, 4H, aromatic). 


ms : m/z : 276 (M'*') 


N-Phth-Phe-Lcu-OMe (2^) : 
rnp. 112-11 5%:. 

ir ! v^^^^(KBr) cm'* : 1780, 1660 (Phth), 1740 (ester). 

nmr j ^(CDClj) ; l.O (d, 6H, CHj^2)» 3H, CH-Cji2CJiMe2), 

3.6 (d, 2H, Cli2-Ph), 3.7 (s, 3H, COOCH3), 4.6 (m, IH, CONH-Cji), 
5.2 (t, IH, N-CJi-CH2), 6.7 (m, IH, NH), 7.15 (s, 5H, Ph), 7.7 (s, 4H, 
Phth). 


The first experiment with specific objective that was carried out 
with the water soluble carbodiimide (22) was the reaction of Glutamic acid 
with Leucine. The objective was to determine whether there would be preferences 
in pe()tici<‘ bond iormotion between Glu and Leu. Equivalent amounts of Glu, 
Lou and (22) in clear aqueous solution was left stirred for 2 days and the resulting 
dipeptide mixture was N,C-*protected using BzCl-NaOH and CH2N2. As illustra- 
ted in CHART C.14, six N,C-protected dipeptides could arise, namely, Glu( Y -OH)- 
Leu, Glu( a -OH)Leu, Glu(a -OH)Glu, Glu( y -OH)-Glu, Leu-Glu and Leu-Leu. 

Since the aim- of the experiment was to determine the composition 
of cacfi of the above mentioned six possibilities, it was necessary, at the outset, 
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BzLEU-LEU-OMe 

0 


(30) 


COOCHo 

A. 


COOCH3 



COOH 

1. Clear solution 

' ' ' 1 

in water 


BzHN^ U i 
BzLEU-GLU-DiOMe (31) 


BzHN. 


water soluble 


0 COOCH3 


carbodiimide 
2d , rt 

2. BzCl-NaOH 

3. CH2N 2 



> ^ 

H3C00C^ 

BzGLU(Y-OMe)-LEU-OMe (32) 

COOCH3 

0 r* 

BzHN I 

>^N'^C00CH3 

H3C00C^ 

BzGLU(Y-OMe)-GLU-DiOMe (33) 


BzHN 



COOCH3 
COOCH3 


COOCH3 


BzGLU (ot- OMe)-GLU-DiOMe (14) 


BzHNv^COOCHa 
\ COOCH3 

H 

BzGLU(oC-OMe)-LEU*OMe 



to [)r('[Kir(' uuthentic samples for comparison purposes,' 


Iteleu-leu-OMe (3_q), Bzleu-GludiOMe {30, BzGlu( Y -OMe)-LeuOMe 
(B2), IBzGhKy ~OMe)-GludiOMe (33) were prepared in respectively, 39%, ^8%, 
45%, 68% by condensation of the appropriate partners using DCC-HOBt in 
methylene chloride at rt. 


BzU'u-kni -OMe (30) t 
mp. 200“C;. 

ir ; V, ,(KBr) cm"' : 3320, 3260 (-NH), 1740 (ester), 1620, 1520 

fn£JiX 

(amide). 

nmr : 6 (CDCI3) ; 0.9 (d, d, 12H, 2 x CH-(CJl3)2), 1-7 (m, 6H, 2 x CJi2C_H 

Me2), 3.75 (s, 3H, COOCji3), 4.7 (m, 2H, tert.protons), 6.75 
(br, 2H, NH), 7.6 (m, 5H, aromatic). 

ms ; m/z : 362 (M*"), 363 (M+H)"^, 306 (M'*' -(isobutylene)), 218 (M'*'-(NHCH 

(ElCH^ipr)), 190 (BzNHCHCH2ipr)'^. 


EBzleu-GludiOMe (2L) s 
nip. I19-120«C. 

it- ; V (KBr) cm"' = 3250 (NH), 1735 (ester), 1625, 1525 (amide). 

msx' 

nrrir t ^(CDClj) ; 1.0 (d, 6H, CH-Me2), 1-6 - 2.5 (m, 7H, methylenes, 
CH-Me2), 3.58, 3.7 (s, s, 3H, a -COOMe), 3.6 (s, 3H, y -COOCJI3), 
4.0 - 5.0 (m, 2H, tert.protons), 6.7 - 7.9 (m, 7H, aromatic + 2xN_H). 



: m/z : 392 (M*'), 336 (M++H-(isobutylene)), 218 (M+-(NHCH(COOMe) 

CH2CH2COOMe), 190 (BzNHCHCH2iprr- 


BzGluC Y -OMe)-leuOMe (^) : 

Thick syrup 

if" 5 v^^g^(neat) cm"' : 3280 (-NH), 1730 (ester), 1520, 1640 (amide). 

''’'■f 5 6(CDC1^) : 0.9 (d, 6H, CHMeo), 1-4 (m, IH, CJi-Me2), 1-6 (m, 2H, 

Cii2-CHMe2), 2.2 - 2.9 (m, 4H, CHCH2CJi2COOMe), 3.65 (s, 3H, 
Y -COOCIHp, 3.75 (s, 3H,ot -COOCHg), 4.7 (m, 2H, tert. protons), 
7.1 - 7-8 (rn, 7H, 2 x NH + aromatic). 

ms J m/z : 39 3 (M+H)+, 248 (M+-(NHCH(COOMe)CH2ipr), 220 (BzNHCH 

<'H2CH2COOMc)’^- 


BzG lu( Y- OM e)-Gludi OM e (33) : 
mp. I19-i20‘’C. 

ir ; . jKBr) cm"' = 3280, 3215 (-NH), 1740, 1730 (ester), 1620, 

m3 X 

1520 (amide). 

nmr s 5 (CDCl^ • 2.0 - 2.7 (m, 8H, methylenes), 3.6, 3.65 (s, s, 3H, 
3H,2>0'-COO^), 3.7 (s, 3H.a- COOMe), 4.7 (m, 2H, tert.protons), 

7.3 - 7,9 (m, 5H, aromatic). 

ms : m/z : 423 (M+H)"^, 220 (BzNHCHCH2CH2COOCH3)^, 174 (NHCH 

(COOMe)CH2CH2COOMe). 



fn Glutamic acid, the carboxyl groups are in different steric environ- 
ments. because of this, whilst, it is easy to prepare specifically the Y-ester, 
thus, enabling peptide bond formation involving the Qt. “CO 2 H, the reverse is 
very difficult. In the present work, the specifically ot -protected Glutamic 
acid, namely, BzGlu( -OMe)-OH, was prepared in a novel manner via oxidative 
hydrolysis of N-BzProOMe with species leading to BzGlu(a -OMe)-OH 

and Bz-pyro-glu-OMe. 

The former was used in the preparation of authentic BzGlu( a -OMe)- 
GludiOMe in 54% yields. 


RzGlu( a -OMe)-GludiOMe (34) : 

Sticky solid 

ir s v^.Jneat) cm"' : 3290 (-NH), 1750 (ester), 1550, 1645 (amide). 

rriax 

nmr ; 6 (CDCl ^) : 1.9 - 2.7 (m, 8H, methylenes), 3.6 (s, 3H, y -COOMe), 

3.62 (s, 3H,a- COOMe). 3.7 (s, 3H, a-COOMe), 4.7 (m, 2H, tert. 
protons), 7.32 - 7.9 (m, 7H, aromatic + 2 x NH). 

ms ! 363 (M*- -COOMe), 174 (NH-CHC02Me-CH2CH2C02Me)‘", 220 (CH 2 

CM2CHC0CgH5NHC02Me)'^- 


The authentic sample of the remaining dipeptide, namely, BzGlu(a -OMe)- 

44 

leuOMc c:ould not be prepared due to paucity of BzGlu( a -OMe)OH . 

In the initial experiment, the crude dipeptide mixture was subjected 
to preparative tic which resulted in the isolation of N-benzoyl-y -Methyl-L-glu- 



tamyl leucine methyl ester BzG1u(y -OMe)leuOMe (32) in 32% yields. The struc- 
tural assignment was confirmed by comparison with an authentic sample. This 
experiment showed that it would be very difficult to isolate the other products 
by preparative tic. Therefore it was decided to use HPLC as the method for 
analysis of the di peptide mixtures. In the event, the reaction was carried out 
and the dipeptide reaction mixture was N,C-protected as described above and 
subjected to HPLC analysis. The HPLC analysis of the reaction mixture and 
the reference samples were done on the same day to avoid minimization of 
column aberrations. The result obtained from the HPLC study was correlated 
with that' from comparison of authentic samples and the products by nmr and 
is presented in TABLE C.l. It can be clearly seen from TABLE C.l that regard- 
l('ss of finer aspects of reaction mechanisms, a clear preference for the formation 
of some dipeptides over others exist. This is the first time such a preference 
is demonstrated. Parenthetically, since the N,C-protection procedures used 
hardly affected the dipeptide structures present, the results presented in 
TABLE C.l should also be related to the preference in the formation of the 
peptide bond between Glu and Leu. 

TABLE C.l represents the first ever experimental study pertaining 
to peptide bond formation amongst unprotected amino acids in water and exhibits 
several noteworthy features. 

In the peptide bond formation involving Glutamic acid that takes 
place in every cell, the more hindered a -carboxyl group forms the activated 
ester. The fact that a similar trend is evident in the present experiment which 
mimics in vivo reaction, is perhaps the most satisfying result of this experiment. 
In other words the preference for peptide bond formation involving the a -carboxyl 
over Y -carboxyl grouping' of Glutamic acid is, 72 : 15 TABLE C.l. Although, 
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TABLE C-1 

N, C- PROTECTED 
DIPEPTIDES 

HPLC ANALYSIS RESULTS 

(“/o) 


Bz -GLU(1f-OMe)-LEU--OMe 72 

Bz-GLU (a-OMe)--GLU-DiOMe 15 

Bz -LEU-LEU-OMe 8 

HIGHER PEPTIDES 1.5 


96.5 

GLU + GLY HPLC SHOWS PREFERENTIAL 

GLYCINE POLYMERIZATION 


GLU + LEU 


leq -N = C=N- 
H2O 


DIPEPTIDES 


BzCl CH 2 N 2 

► 1 

NaOH 



solubility problems preclude a comparison of present results with similar ones 
in non-polar media, there is ample evidence to show that under these conditions 
the Y -carboxyl group is much more reactive to ester formation (vide-supra) . 
The specific activation of the sterically more encumbered ot -CO 2 H grouping 
can be understood on the basis of a preference in the salt formation between 
the more acidic a -carboxyl group and the water soluble carbodiimide (22). 
This is illustrated in CHART C.15. The pka of a - and y -CO 2 H groups of ' 
Cluuimir acid are, respectively 2 and 4. It is envisaged in CHART C.15 that 
whilst the more acidic a -CO 2 H group is involved in the salt formation the 

f 

less acidic Y -CX') 2 H group plays an important role in the stabilization of transi- 
tiofi state leading to the formation of ot -activated ester via hydrogen bonding. 

The results of HPLC as well as v^ isolation of products by tic 
clearly show that the major preference for dipeptide formation involves the a-C 02 H 
function of Glu and the amino grouping of the Leu leading to BzGlu( Y -OMe)- 
LeuOMe (32). This again may be a reflection of the higher basicity of the NH 2 
function of the Leu (pka 9.74) compared to that of Glu (pka 9.47). The very 
low preference exhibited in the formation of dipeptide Bzleu-leu-OMe ( 30 ) 
(8%) is quite surprising. Equally surprising is the fact that excepting in the 
cose of RzleuleuOMe (30), the Leu residue does not appear at the amino end 
of the dipeptide. This factor perhaps supports the illustration provided in CHART 
C.15 wherein the y -CO 2 H group plays a dominant role. This aspect has been 
clearly brought out from blank reactions where Glu and Leu were separately 
reacted with equivalent amounts of the water soluble carbodiimide {2^ for 
2 days, the reaction mixture N,C-protected and analysed by HPLC. 

In the case of Glu, HPLC showed as relative percentages BzGlu 
( a -OMe)-GludiOMe (34^), • (54.6%) and BzGlu( Y -OMe)GludiOMe (_33), (44.6%) 
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CHART C-15 


2-0 


0 







*> PRODUCTS 



and a negligible amount of 0A75% of BzGlu-diOMe arising from recovery of 
slurting rruiterial. 

The reasons for the formation of almost equal amounts of a and y P^P~ 
tides in this experiment in contrast to the case where Glu had to compete 
with Leu for ( 22 ) is not clear. 

In sharp contrast, with Leucine HPLC showed as relative percentages 
B/.leu-lcu~OMe ( 30) (36.5%), BzleuOMe (32.4%) arising from non-participation 
ir> pe|ni<ic bond formation - and peak tentatively assigned to tripeptide Bzleu-leu- 
Uni-OMe (29.3%). In terms of actual isolated yields, Leucine gave after reaction 
{??) described above followed by N,C-protection and preparative tic 
21% of BzleuOMe and 20% of Bzleu-leu-OMe (30). 

The single experiment involving the reaction of Glu and Leu in 
presence of the water soluble carbodiimide ( 22) in H2O, supported by a number 
of ancillary experiments have provided numerous facets associated with peptide 
bond formation. Thus, the selectivity observed could be a result of a number 
of properties. 

Similar studies involving Glycine in place of Leucine was considered 
important since such study could bring about the consequences arising from 
steric factors with respect to peptide bond formation. As in the previous example 
the authentic samples of all the possible products were prepared by conden- 
sation of the appropriate partners using DCC-HOBt in methylene chloride 
rt. The 4 additional dipeptides prepared were, BzGly-Gly-OMe (37 ) (56%) BzGlyGlu- 
diOMe (38) (62%), B 2 Giu(Y- OMe)GiyOMe (35) (34%) and B 2 Glu(ot -OMe)-GlyOMe 
(36) (52%). 



BzGluC Y -OMe)-Gly-OMe (35) ; 
Thick syrup 


ir = Vmax(neat) cm“^ : 3340, 3280 (-NH), 1750 (ester), 1650, 1540 (amide). 

nmr : 6 (CDCI3) ; 2.I - 2.8 (m, 4H, methylenes), 3.6 (s, 3H, Y -000033), 

3.7 (s, 3H, a -COOCjd^), 4.0 (d, 2H, NH-C_H2-COOMe), 4.8 (mj 
IH, tert.proton), 7.2 - 7.9 (m, 7H, aromatic + 2 X NH). 

5 m/z i 248 (M+ -NHCH2COOMe), 220 (BzNHCHCH2CH2C02Me). 


BzGlu( a -OMe)Gly-OMe (%) ; 
rnp. lOPC. 

if : V (KBr) cm"' : 3320 (-NH), 1740 (ester), 1640, 1540 (amide). 

rr Id X 

nmr s 6 (CDCI3) : 1.9 - 2.5 (m, 4H, methylenes), 3.65 (s, 3H,a - COOCJi3), 
3.7 (d, 2H, NHCJi2-COOMe), 3.8 (s, 3H, a-COOCJH3), 4.6 (m, IH, 
tert.proton), 7.3 - 7.8 (m, 5H, aromatic). 

ms : m/z s 143 (M+H - BzNHCH2COOMe)'*'* 


BzGly-Gly-OMe (37) s 
mp. 1 11-1 12®C. 

ir ! W^KBr) cm"' J 3290 (NH), 1730 (ester), 1540, 1640 (amide). 

nmr j 5 (CDCI 3) ; 3.7 (s, 3H, QOO^), 4.2 (d, d, 4H, CjH[2CJl2), 7.3 -7.9 (m, 

5H, aromatic). ■ 



ms 


162 (BzNHCH2 C0)'^, 13^ (BzNHCH2)'^. 


BzGly-GluC Y -OMe)-OMe (38) : 
mp. 107°C. 

*'■ = ■ ^280 (NH), 17^0 (ester)^ 1660, 1630, 15^0 (amide). 

nmr ; 6(Cncij) ; ].9 - 2.6 (m, -CHCH 2 -CH 2 COOMe), 3.6 (s, 3H, 
Y -COOCJdj), 3.7 (s, 3H, a -COOCH 3 ), 4.2 (d, 2H, NH-CH 2 ), 

4.6 (m, IH, tert.proton), 7.2 - 7.9 (m,. 7H, aromatic + 2 x NH). 


The correlation of reactivity towards water soluble carbodiimide, 
of amino acid side chains, finds dramatic expression in the reaction of equiva- 
lent amounts of Glutamic acid, Glycine and the water soluble carbodiimide 

(22 ) in H 2 O for two days. HPLC analysis of the reaction mixture after N,C-pro- 
tection showed that the product consisted entirely of Gly-Gly and higher peptides. 
This observation is also supported via blank experiment involving Glycine and 
( 22) as well as by the nmr exhibited by the product in the Glu-Gly experiment. 
Thus, in terms of activated ester formation and in the peptide bond formation, 
Glycine exerts an overwhelming influence. 

The experimental complexities associated with the possible analysis 
of dipeptides arising from two amino acids in aqueous medium is maximum 
in the case of the reaction of a dicarboxylic acid like Glutamic acid with a 
dibasic acid like Lysine. This could, in principle, as illustrated in CHART C.16 
result in 12 dipeptides. In the event, the reaction of Glutamic acid and Lysine 
in clear water solution with 1 equivalent of water soluble carbodiimide followed 



CHART C-16 


H2N^^C00H 

HOOC 

GLU (E) 




LYS (K) 

1. -N = C=N- 

2. BzCl , NaOH 

3. CH 2 N 2 



Ea-OH) K(CJ-NK2) 
E(a-OH) K(a-NH2) 
E(^-OH) K(a-NH2) 
E(a-OH) K(CJ-NH2) 
K(a)-NH2) E(t-OH) 
K(CiJ-NH2) E(a-OH) 
K(a-NH2) E(Tf-OH) 
K(a-NH2) E(a -OH) 
E(a-OH)E 
E(T-OH)E 
K(a)-NH2)K 
K(a-NH2)K 


HPLC ONLY 2 PRODUCTS 



by N,C-protection and HPLC analysis showed only two products. Regardless 
ol the nature of these products which remains to be established, this experiment 
clearly showed a high order of selectivity in peptide bond formation. Parenthe- 
tically, equivalent amounts of Lysine and ( 22) followed by N,C-protection demons- 
trated formation of Bz Lys(u -Bz)lys-(co -Bz)-OMe based on HPLC and NMR. 
The above sets of experiments although comprising of minimum complexity 
supports strongly the notion that if peptide bonds permitted to be formed in 
a amino acid milieu, a very high order of selectivity can be anticipated. 

As stated earlier, it was considered worthwhile to complement 
the ex(K‘rir)i('ntal results which really establish selectivity in peptide bond forma- 
tion with iiilormation available in the form of amino acid sequences of enzymes 
and proteins. At the outset, it was considered that the best methodology for 

the analysis of the large data base available, would be via development of 

a computer program that has the capability to identify neighbours present 
in each of the amino acid residues that comprise the enzyme. Details pertaining 
to this program are briefly presented in SCHEME C-1. 

Such a computer based analysis of a representative 
data base comprising of Cytochrome of 16 different species about differences 
pertaining to the choice of the neighbours was carried out. 

If it is assumed that a particular coded amino acid occurs ri-times 
in Cl ()rot(nn it could have 211 neighbours if the residue is non-terminal and 
2n-l if termiivil(Nbr).If these slots are to be allocated without selectivity it can 
be expected that the available slots would be uniformly occupied by the 20 

<<Kled amino acids. Therefore the probability of a particular coded amino acid 

being present as the neighbour of n would be = 0.1 n if n is non-terminal 
and if ter mirvii(R.V.).Ary deviation from these values would therefore be a 



SCHEME C-1 



NAME 


N 

AACII') 

MAT 


Array of dimension 20 which contains names of all amino 
acids (#20). 

Total number of amino acid present in proteins. 

Array of dimension N, stores distribution of 'N' amino 
acids in proteins. 

Matrix of dimension 20 x 20. Value of MAT (1,3) represents 
number of occurrences when NAME (3) found to be NAME (I) 
of neighbour. 









75 


reflection of selectivity. 

I he computer based analysis of the Cytochrome family is presented 
in 1 AIM.Iv - I ABLE C.18. The uniform departure from the random values 
found in each case and in each of the tables reflect preference in the choice 
of neighbours. That this finding is not fortuitous is shown by a similar analysis 
in the larger protein, bovine glutamate dehydrogenase, presented in TABLE C.19. 
Iht' data presented in TABLE C.2 - TABLE C.19 could be analysed from diverse 
p<'rs[>ec lives. 

The diagonal element in each of the above tables denote preferences 
for luiving as tnughbour another unit of the same amino acid. In the TABLE C.2 
- C'.I.H, tiu' diagotial elertienl is zero in 75-80% of the cases, which would indicate 
a lack of preference for itself, barring few exceptions. Even in the case of 
the larger protein pre.sented in TABLE C.I9, 50% of the diagonal element is 
zero. There is every reason to believe that this would be the case in more 
extensive analysis planned with a much larger data base. This anticipation is 
confirmed by a search for Ser-Ser residues in 150 diverse proteins. The Se-Ser 
residue was selected for detailed analysis because a casual examination of 
number of sequences showed that whilst Ser residue is .relatively abundant 
in proteins, the Ser-Ser repetition is rare. The analysis of 150 proteins 
done manuafly, is presented in TABLE C.20. An examination of the table showed 
that by and large, barring notable exception the Ser-Ser observed values are 
invariably either zero or much below the random values. Thus 96 of the 150 
cases analysed show a lower preference to the expected value. 

An interesting observation is that whilst in most proteins Ser-Ser 
( ombination is rare, in few they are abundant. Further, this abundance is typical 
and (an be directly correlated to specific proteins, such as a) Carbonic anhydrase 



TABLE C-2 
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TABLE C-20 


SERINE 


No. NAME 

Res 

Ipreq 

Nbr 

RV 

Observed^ 

1. BOVINE GLUTAMATE DEHYDROGENASE 

500 

30 

60 

3 

0 

A NEIIUOSEORA GLUTAMATE „ 

453 

29 

58 

2.9 

1 

L IK^RSE LIVl-R ALCOHOL „ 

365 

25 

50 

2.5 

0 

CILYCERALDEHYDE 3-PHOSPHATE- 

I'ROM PIG MUSCLE 

332 

19 

38 

1.9 

■1 

5. GLYCER ALDEHYDE 3-PHOSPHATE- 

DEHYDROC'iENASE FROM LOBSTER 

MUSCLE 

334 

26 

52 

2.6 

3 

6. GLYCER ALDEHYDE 3-PHOSPHATE 

(B.STEAROTHERMOPHILUS) 

334 

16 

32 

1.6 

1 

7. LACTATE DEHYDROGENASE-DOGFISH 

330 

26 

52 

2.6 

0 

S. TRIOSE PHOSPHATE ISOMER ASE 

FROM RABBIT MUSCLE 

248 

12 

24 

1.2 

0 

V. TRIOSE PHOSPHATE ISOMER ASE 

FROM CHICKEN MUSCLE 

249 

12 

24 

1.2 

0 

lO.TRlOSE i^HOSPHATE ISOMER ASE 

FROM COELACANTH MUSCLE 

248 

15 

30 

1.5 

0 

11. ALDOLASE RABBIT MUSCLE (a) 

361 

21 

42 

2.1 

0 

12.ALDOLASE RABBIT MUSCLE (a) 

364 

20 

40 

2.0 

1 ■ 

1 3.ASPARTATE AMINOTRANSFERASE 

412 

27 

54 

2.7 

2 

14. ASPARAGINASE FROM E.COLI 

.JiL 

15 

30 

1.5 

1 


Contd. 
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Cont d. 


IS.ACYI CAK’KK-R PiUVI'EIN (E.COLr) 

77 

3 

5 

0.25 

0 

KuASPAH l AI Ii riv ANSCARI’.AMYLASE 

152 

1 1 

22 

1.1 

0 

I/.IRYP [Ol’llAN SYNTilliTASE 






a A'M ain*i-:a:ou 

267 

1 1 

21 

1.05 . 

0 

1 8. TRYPTOPHAN SYNTHETASE OF 






A. APR O0,F. NITS, a-CHAFN 

269 

12 

24 

1.2 

0 

PAIR YI’ TOIM IAN SYN THE TASE OF 






S. TYPHIMHRniM.u -OHAIN 

268 

60 

32 

1.6 

1 

^O.INHYI'FROl-OTATE RIUM ICTASE (D.R.) 






T'Rc^M S. !■ ATX'UIM 

167 

7 

14 

0.7 

0 

2I.n.R. I-ROM [■.coil MUTANT 

159 

9 

18 

0.9 

, 1 

22.IYR. I'ROM E.OOLI 

159 

9 

18 

0.9 

1 

23.n.R. (MOUSE) 

186 

11 

22 

1.1 

2 

2«f.CARBONFC ANHYl’iRASE B 

261 

25 

50 

2.5 

3 

25.CARBONIC ANHYDRASE C 

260 

18 

35 

1.75 

1 

26.CARBONIC ANHYDRASE C 

260 

17 

34 

1.7 

1 

?7.CARB0NK: ANHYDRASE C-SHEEP 

261 

18 

36 

1.8 

3 

28.CARBONK' ANHYDRASE FI-RABBrT 

260 

20 

40 

2.0 

3 

2‘i.X PHASE ENDOLYSIN 

157 

9 

18 

0.9 

0 

a‘*-i-ketosterofd isomer ASE 

125 

5 

10 

0.5 

0 

R.IM:NI0II,TIN ASE FROM S. AUREUS 

257, 

19 

38 

1.9 

0 

32.iH;N!CILlINASr. 

265 

1 1 

22 

1.1 

1 

VEHUMAN ADENYLATE KINASE 

195 

1 1 

22 

1.1 

1 

•i4.PORc:iNE ADENYLATE KINASE 

195 

11 

22 

1.1 

1 

I^.RIBirOL DEHYDROGENASE 

2^9 

13 

26 

1.3 

1 





Contd... 
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^..iUWINl', I'.R Y IHROCY I'ti 


M il’I'HOXinr IM.SMUTASE 

152 

8 

16 

0.8 

0 

v.rnc^siMicM ti’Asi>A (lU'i-: venom) 

129 

10 

20 

1.0 

1 

iX-PHOSPHOliPAS!; A (fMCi PANCREAS) 

130 

12 

24 

1.2 

2 

.W.PHOMniOLIPASE A (RfNGHALS) 

119 

6 

12 

0.6 

0 

W-PHOSPHOLiPASn A (DE-l)-COBRA 

118 

3 

6 

0.3 

0 

/p-PHOSIMIOUPASE A (nr>II)-COBRA 

1 19 

6 

12 

0.6 

0 

4;.ini0SPH01 iPASfi a (nU-IfF)-COBRA 

119 

6 

12 

0.6 

0 

/M.P(10Si>!loi,IPASP: A-BITIS CiABONICA 

118 

6 

12 

0.6 

0 

'dPl'l iOSPt loi IPASE A^-BOVINE 

123 

10 

20 

1.0 

1 

/pj.PllOSPHoi IP ASM A^-IKWSE 

125 

1 ! 

22 

1.1 

1 

46.1HWINM: TH YP.SINOGMN 

229 

34 

68 

3.4 

2 

<i7.PORt:iNM TRYPSIN 

228 

26 

52 

2.6 

4 

W.nOClM'ISH TRYPSIN 

222 

17 

34 

1.7 

1 

49. TRYPSIN (STRMPTOMYCES GRISEUS) 

221 

14 

28 

1.4 

0 

SD.BOVINM CHYMOTRYP.SINOGEN A 

245 

28 

56 

2.8 

3 

51.BOV1NM. CHYMOTRYPSINOGEN B 

245 

21 

42 

2.1 

2 

^.THMRMOLYSIN 

316 

26 

52 

2.6 

1 

’) l.PORC.INM PliPSIN 

327 

43 

86 

4.3 

6 

Vl.PAPAIN 

212 

13 

26 

1.3 

1 

‘>').SU|YnUSIN BPN' 

275 

37 

74 

3.7 

9 

‘^d.SUBTIiJ.SIN CARLSBERG 

274 

32 

64 

3.2 

4 

V.SIlIYril ISIN AMYLtTSAC:CHARlTICUS 

275 

41 

82 

4.1 

1 1 

'iK.PORCINI' MLASTASE 

240 

22 

44 

2.2 

7 

YA a-l,Y TIC PROTEASE 

198 

20 

40 

2.0 

2 


Contd. 
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( 'ontd. 


^(l.l>l^M■.!HIv'O^U\IN ^ AN a -THROMBIN 


MI IMAN 

308 

19 

38 

1.9 

0 

M.S IK’I I' lOOOtTAl. PROri'INASE 

253 

21 

42 

2.1 

3 

62.i'roiT':ast: ai-rom streptomyces 






c; RISE US 

182 

22 

44 

2.2 

1 

f.El'lUMT'ASI' B E'ROM STREPTOMYCES 



" 



CiRISIUJS 

184 

22 

44 

2.2 

3 

6/f.CARI\OXYPEl‘!'lDASH A 

307 

32 

64 

3.2 

8 

6‘>.B0VINE rARlU\XYPEPTIDASE B 

306 

27 

54 

2.7 

2 

r.^.UNA ni-PENnEN r RNA 






POEYMliUASECa -SUIUINID-E.COLI 

329 

17 

34 

1.7 

2 

67.RHOn ANHSE-BOVINE LIVER 

293 

21 

42 

2.1 

0 

ruS.BOVINE RIBONllCLEASE 

124 

15 

30 

1.5 

5 

69.PORC I N E R I BON 1 1C L EASE 

124 

13 

26 

1.3 

11 

70.H OR SE R I BON 1 1C L E AS E 

125 

14 

28 

1.4 

7 

71. (WINE RIBC^NIICLEASE 

124 

16 

32 

1.6 

7 

72.GOAT R I lU'iN UCLEA .se 

124 

17 

34 

1.7 

7 

73.RAr RIBCWUtl.EASE 

127 

15 

30 

1.5 

7 

74 .M US K li A T R 1 BON UC L E ASE 

124 

15 

30 

1.5 

8 

7CCHINCHILLA RIBONllCLEASE 

124 

14 

28 

1.4 

2 

/6.CUINEA PK; RIBONllCLEASE A 

124 

18 

36 

1.8 

8 

77,CUINEA PIC. RIBONllCLEASE B 

128 

17 

34 

1.7 

6 

/K.CIR APE' E RIBCSNl ICLEASE 

124 

16 

32 

1.6 

6 

7y.RE:n"i>EER ribonuclease 

124 

15 

30 

1.5 

5 

SO.ROE-OEER RIBONUCLEASE 

124 

15 

30 

1 .5 

5 

«1. REINDEER RIBONUCLEASE 

124 

15 

30 

1.5 

6 


contd.. 
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Contd. 


.V.M tX VS II 1^ I IVON UC L E ASE 
XVE'AI I OW nri'E INBONUOLEASE 
X/; .n K ' O M I ■ n A in ' U 1 BON 1 10 L I ■ AS E 
XXCOVl'U RIBt'iNliOLEASE 
XE.EI-ANn RIBONUOLEASE 
X/.c,Nn RIBONIK'EEASE 
XX.l'OP! RIBONl lOI.IiASE 
X'J.I’IKE' WilAlE RIBONUOLEASE 
'X).RIBONltc-I E:aSE Of’ BAOILLUS 
AM VI Ol IQl ILL' A(XL:NS 

91. ribc^nuoi.e:asi: ii 

92. RlBON(KNJ:ASE St 



9tf.SrABHYLOOOOOAL NUCLEASE 
STRAIN V8 

9 5.S T AP H Y L OC CXX: AL N UC L E ASE 
FOCfCI STRAIN 

96. BOVINE PANCREATIC DEOXY- 
RIBONUCLEASE A 

97. MIIMAN LE.UKAEMIA LYSOZYME 

98. HUMAN MILK LYSOZYME 

99. LYSOZYME FROM BABOON MILK 

100. HEN ECO, LYSOZYME 

101. ClJINEA-HEN EGG LYSOZYME 

102. DUCK EGG LYSOZYME II 
lOV.DUCK E.GG LYSOZYME III 


124 

15 

30 

1.5 

5 

124 

15 

30 

1.5 

5 

124 

18 

36 

1.7 

2 

128 

16 

32 

1.7 

9 

124 

16 

32 

1.6 

7 

124 

16 

32 

1.6 

7 

# 

124 

17 

34 

1.7 

7 

124 

1 1 

22 

1.1 

1 

1 10 

9 

18 

0.9 

1 

104 

15 

30 

1.5 

6 

102 

3 

6 

0.3 

0 

113 

10 

20 

0.9 

1 

149 

5 

10 

0.5 

0 

149 

5 

10 

0.5 

0 

257 

30 

60 

3.0 

4 

129 

6 

12 

0.6 

0 

130 

6 

12 

0.6 

0 

130 

7 

14 

0.7 

0 

129 

10 

20 

1.0 

1 

129 

10 

20 

1.0 

1 

129 

1 1 

22 

1.1 

0 

129 

9 

18 ' 

0.9 

0 



( 'or) f cl. 
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PHAt.T: 1 >’SOZVMI;; 

164 

6 

12 

0.6 

0 

1 1) '..1 V SO/ V M ^ ^F_rj I AT AR OPSIS 

21 1 

22 

44 

2.2 

3 

|0f>.HnMAN a -T AC I'Al.BUMIN 

123 

8 

16 

0.8 

1 

IO/.C.IIINT/A-PK; n~LACTALBUMIN 

123 

8 

16 

0.8 

1 

108.BOVINT: a -LACTALBUMIN 

123 

7 

14 

0.7 

1 

lOy.KAZAL’S INHIBITOR 

56 

2 

4 

0.2 

0 

IIO.COW COI O.STRUM TRYPSIN INHIBITOR 






(CtUlPONl-N r l\2) 

67 

3 

6 

0.25 

0 

! 1 l.KAl.TIKRFIN INACTIVATOR (TRASYLOL) 

58 

1 

2 

0.1 

0 

1 O.IRYl'SIN INHIl^lIcM^ H 






F'l^OM PCiRCINF PANCRFAS 

52 

5 

10 

0.5 

0 

1 1 LTRYPSIN INHIBITOR 1 






F'ROM PORCINJi PANCRFAS 

56 

6 

12 

0.5 

0 


1 H^.PlUVriitNA.SH INHIBITOR 

FROM c:anint: .SUBMANDIIMJLAR 


GLANDS 117 

1 O.SrREPTOMYCF.S SUBTILTSIN INHIBITOR 113 
1 lf>.ISCNNHIBITOR K FROM SNAIL 58 

I l/.lNflIl\I rOR II FROM RUSSLLL'S 

VIPFR VF.N.OM 60 

118. PRCHFINASTl INHIBITOR II- 

RINGHALTS COBRA 57 

1 i'j.protiunasf; inhibitor ii- 

na:ia NIVFA 57 

oo.chvmotryptk; inhibitor i 

F'ROM POTATOILS . 71 

OLCHYMOIRYPTIC INHIBITOR I 
FROM PtH'ATOFS (SUBUNIT A) 


117 

8 

16 

0.8 

0 

113 

9 

18 

0.9 

1 

58 

4 

8 

0.4 

- 0 

60 

2 

4 

0.2 

0 

57 

I 

2 

0.1 

0 

57 

1 

2 

0.1 

0 

71 

5 

10 

0.5 

0 

84 

4 

8 

0.4 

0 


Contd...# 
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1//. ACMVf^ I'h’ At.Mi'.NT OI- potato 

PK’Ori'lNASI-, INIIfIMrOR IIA 

I / U : AR iU^X Y PliP on asu inhibitor 
12/f.SOYABF,AN PROTHINASE INHIBITOR C 
i2‘).SOVABP.AN I'ROTEINASE INHIBITOR D 
l2f..SY'YABI' AN TRYPSIN INHIBITOR 
(MINI I.*) 

lAMRYPSlN INIIIBIIOR D-II-SOY ABEAN 
I7.H.BOWMAN-BIRK SOYABEAN 
^li^•pSIN INHIBItX'iR 
!2‘AARAriiIS HYPOC.AEA TRYl’SIN 
INHIBITOR 

nO.LIMA BEAN PROTEASE INHIBITOR 
COMPONENT IV 
I 31. TRYPSIN INHIBITOR II 
FROM GARDEN BEAN 
1 32.PROTEASn INHIBITORS 

FROM PINEAPPLE STEM A-CHAIN 



ED.HIIMAN HAF.MOGLOBIN a -CHAIN 
n^.MONKP.Y HAEMOGLOBIN a-CHAIN 
! 36.H AEMOGLOBIN « -CHAIN- 
CAiniCHIN MONKEY 
I 37.H AEMOGLOBIN a -CHAIN- 
SAVANNAH MONKEY 
1 38.HAEMOGLO[yN « -CHAIN-’ 

■lAPANP.SE MONKEY 


45 

4 

8 

0.35 

0 

39 

2 

4 

0.2 

0 

76 

12 

24 

1.15 

5 

75 

12 

24 

1.15 

4 

18) 

1 1 

22 

1.1 

0 

75 

12 

24 

1.15 

4 

71 

9 

18 

0.9 

1 

48 

3 

6 

0.3 

0 

84 

15 

30 

1.4 

1 

71 

11 

22 

1.1 

] 

41 

2 

4 

0.2 

0 

44 

3 

6 

0.3 

___ 0 _ 

141 

11 

22 

1.1 

0 

141 

12 

24 

1.2 

0 

141 

12 

24 

1 .2 

0 

141 

12 

24 

1.2 

0 

141 

12 

24 

1.2 

0 
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1 VJ.IIA! KUK.l OHIN (Y ■(:ilAIN4i ANUMAN 
1 AN(,I IK’ 

|/d).HAI'McU.l cMUN a-CHAtN- 
ANt;i I TAN 

1 'H .H Ai’MlX'.LOBIN ct-CH AIN- 
,Sl,f:NI'iF,R LORiS 
Rj.AllAKMOUl OIMN u-CUlAtN- 
Sl.OW LURKS 

|/n.l!ORSl-: HAi’MOta.CMRN a-CHAFN 
1/R^.KANUAHOO HAHMtH.KOfMN 
a -UliAlN 

AHMOca.UlRN a-CliAIN- ECHIDNA 
(MA1UR HAFMlXa. ORIN HB-IB) 

146.H AEMOtau^BIN it -CHAIN-ECHIDNA 
(MAaOR HAEMCX^LOBIN HB-IA) 
!47.HAEMOCa-OBIN a -CHAIN-ECHIDNA 
(MINOR HAEMOC.LOIMN HEHIA) 
H#8.HAEMOC.LOBIN a -CHAIN-OPOSSUM 
HBARABBIT HAEMOGLOBIN a -CHAIN 
150.HAEMOGLOBIN a -CHAIN-PIG 


141 

1 1 

22 

la 

0 

141 

11 

22 

i.i 

0 

141 

13 

26 

1.3 

0 

141 

14 

28 

1.4 

0 

141 

13 

26 

1.3 

1 

141 

10 

20 

1.0 

0 

141 

12 

24 

1.2 

0 

141 

1 1 

22 

1.1 

0 

141 

11 

22 

1.1 

0 

141 

13 

26 

1.3 

1 

141 

12 

24 

1.2 

0 

141 

10 

20 

1.0 

0 



(?!) /S, I AiU i, ( .w^O), involved in hydration of CO 25 b) the proteases, trypsin (47), 
pepsin (‘H), SnhtiliMn(')‘>.‘,7), Carboxypeptidase (^), c) trypsin inhibitors (124-127) 
d) <*l.iM.i.so, invulvctl in destruction of elastin and responsible for the delicate 
('I.istin ■ rt J -antitrypsin balance (58), e) ribonuclease (68-93) and f) de-Oxy 
rib <1 niKleasc (96). Thus nucleases and proteases harbor excessive Ser-Ser combi- 
nation. The presence of 5 serine residues in a row in certain ribo nucleases 
(74, 84) and 4 .s<'r in a row in subtilisin (58) must be considered significant, 
pat t icul.i rly iit view of the rc'lative rarity of even 2 Se r in a row in most 
piot<‘ins. Whilst the implications of this may be complex, it tends to support 
the e.itlier conjecture that protein evolution was based on a synthon approach, 
selecting Segments appropriate for the needed function, 

('omplernenting the above notion, it is possible that the rarity of 
Ser-Ser bottd in proteins could arise via potential instability, leading to Gly-Ser/ 
Ser-Gly via retro iklol reaction in cases where the Ser-Ser unit is either unpro- 
tected or not complex ed. 

Above all an analysis such as presented in TABLE C.20 could generate 
several experimental leads which would have relevance to protein evolution. 

The en;^yme Cytochromone is present in species separated by aeons 
in the evolutionary scale. Indeed the analysis cited span from E, Coll Cytochrome 
to hiinuin Cytoiduome. An appropriate querry would be whether preferences 
for neighbours are retained in the evolution of the species. An affirmative 
re.S[>onse would be iuert'Sting particularly with reference to very early stages 
in [irotein evolution. Preferences for neighbours of value 3 and above have 
been processed from TABLE C.2 - TABLE C.18 and presented in TABLE C.2I 
Cytochromt* family is rich in lysine residues and interestingly the overwhelm- 
ing preferentx* exhibited by these lysine residues to have another lysine as 




VAL Lys lie - - 

TRP - - 

TYR ; : LeuT 








nci)'.hl>onr is l,ii(',(‘!y iciiiiiu'tl through the evolutionary span I in the cases cited 
111 I AIU I', t ./i, ,iliiu'Uf',h retention of preferences are seen, they are nowhere 
tic. II .It. 1 Olivine iiij', .IS tliis lysine example. 

1 he .inalysis of available sequences described above complements 
cxperitnetu.il olxst'r vutions and has led to diverse avenues for pertinent experi- 
mental scrutiny. 


PIT T1 1 M •: HON n , I ■ORMATION AT THE MICELLAR INTERFACE 

Ihe selective environments described thus far, leading to peptide 
botxl fiirmalion, tuul as the focus, polar interactions wherein, polar side chains 
of coded (i -iiniino acids play a pivotal role. The prepondarance of hydrophobic 
rensidues in protcin.s clearly points to circumstances conducive for peptide bond 
formation involving hydrophobic side chains. 

Hydropliohic bonding, involving the accumulation of hydrophobic 
side chains of coded a -arnino acids, is a key feature in the folding of enzymes 
leading to utsique structures. 

It was envisaged that, in the event, amino acids having hydrophobic 
side <h, lifts fould be aligned with an appropriate condensing agent on a micellar 
support, pepttdo bond lorniution will take place at the water interface leading 
to prt* t<*f efit ill 1 lormation of peptides involving hydrophobic amino acid residues. 

Amongst the reverse micellar systems harboring water pools that 
have been studied extensively in recent years, the most appropriate one was 
considered, us the one formed by addition of bis-2-ethylhexyl sodium sulfosuccinate 
{/\oT) ill isooftane containing water. Studies using this surfactant have shown 
tliai 100 m.M imount of the compound in isooctane can harbor as much as 
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2% Wiitct, j'iviiig t isc to clear solutions. Extensive studies using this system 
'.luKvii th.it ti'vorsc micelle farmedcould be represented as shown in CHART 
r.l/. ihr sti.itcgv culled for the condensing reagent in the role of the co-surfac- 
t.int. (. onsc'ciueiitly, the compound to be used, would require hydrophobic side 
(h.iins ( ompa table with that of AOT. Consequently, dioctadecylcarbodiimide 
(l')(.'>n(. .1) possc'ssing the polar carbodiimide unit attached to two hydrophobic 
t.iils, .set'mt'd most appropriate. The desired compound (DODCF) was prepared 
Irom octadc'cylaniine, whicft on reaction with CS 2 gave dioctadecylthiourea 
(/(H). ComixHind (tjO) was readily transformed to DODCI (39) via oxidation with . 
yellow HkC. [he overall yield of DODCI was 80% from octadecylamine (CHARTC18). 

llu' Mruetiiral assignment is fully supported by spectral and analytical 

di ta . 


DttJt tadecyh •Khodtimide (lac^DCI) ( 39) : 
rnp. 49-50”C 

ir j (KBr) cm"* : 2130 (carbodiimide). 

max 

nttir s 6(CD(:i J ; 0.7~2.5 (m, 70 H), 3.3, 3.7 (t, t, ^H, NCH_ 2 CH 2 ). 

ms t ml'/. : 546 (M*). 

Dtorfadecyiihiourca (/fO) s 
mp, 

ir . u (KBr) cm”' J 3280 (-NH), 1590, 1490, 1375 (thiourea). 

flUIX , 

ms % m/z ! 580 (m'^-S). 
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CHART C-17 



mtB Polar head of ACT 

Hydrophobic tails of AOT 
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CHART C-lfi 


CS2 



c=s 

•NH 


HgO 


II 

C 

II 

■N 


DODCI mp 50°C 
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As cxjxs noiX.I is easily soluble in hydrocarbon solvents. At 
till- ('Uf.ci, It w.is ( unsiclcred desirable to establish the efficacy of DODCI 
.IS .1 mnclrnsin,; luiuirnolar amounts of DODCI in dioxane, effectively, 

l)rou,>,lit .ibnut tlu> condensation of BzPhe and ■dyclohexyiamine, BzLeu and 
cyclolK'xylarnine, BzLeu and Gly-OMe and BzMet and Gly-OMe leading to the 
formation ol, respectively, (ii.) (55%), (^) (73%), Bz-Leu-Gly-OMe («) (6^%) and 
IVMet^Gly-t^Me (i^) ('l0%). 

BzPhet't^NlU: H, , ('>!) : 

f i j j 

mp. 

ir t v^^,j^(KBr) crn“' ; 3310 (-NH), 1650, 1540 (amide). 

nmr s ^(CDCl^) s 1. 0-2.2 (m, lOH, cyclohexyl), 3.2 (m, 3H, CH-CJi 2 -Ph 
4 C:ONH-Cji), IH, tert.proton), 7.2 (s, 5H, Ph ), 7-7.9 (m, 5H, 

aromatic). 

rrts s m/z s 350 (M^), 229 (M^-BzNH), 224 (M^'-CONH cyclohexyl). 

H/LeuCONlit'^^Hj j {«) s 
mp. ! 79-1X1%:, 

(KBr) cm"’ ; 3300 (-NH), 1620, 1540 (amide). 

I till K 

aCCDClj) : 0.9 (d, 6H, CH(Cii 3 ) 2 ), 1-2.2 (m, 13H, cyclohexyl 
4 CfU-CH(CH JJ, 4.5 (m, IH, tert.proton), 7.2-7 .9 (m, 5H, aromatic). 


ttmr 
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I’l/l.eu-Cily-C'Me (4 ^) : 
ntp. l/.S-C. 

ir : (-NH), 1745 (ester), 1640,1450 (amide). 

nmr ; 6(cnci^) : 1.0 (d, 6H, CH-{Ci±^)^), 1.4 (m, 1 H, CH-(CH 2 CH 2 ), 

1-7 (m, 2H, CH-CJi 2 -CH Me^,), 3.7 (s, 3H, COOCJH^), 4.1 (d, 2H, 
NH"CH_2-C02Me), 4,8 (m, IH, tert. proton), 7-7.9 (m, 7H, aromatic 
♦ 2 X NH). 

ms I tn// : 307 (mO, 250 (M'^-CH 2 CHMe 2 ). 


137,-Met-C.ly-OMf (.44) ; 
mp. !34-5*‘C. 

ir 5 V (Kl\r) cm"*, 3290 (-NH), 1750 (ester), 1560, 1445 (amide). 

flklK 

nmr J ^ (C-DCl j) i 2.2 (s, 3H, S-CH j), 2. 1-2. 5 (m, 2H, CH-CH_2-CH2-S-CH2), 
2.8 (t, 2H, CH-CH2-CJH2-S-CH3), 3.2 (t, IH, NJi-CH2), 3.75 (s, 3H, 
CODCli^), 4.1 (br, 2H, NHCHCH2), 4.2 (br, IH, PhCONH), 5.0 (m, 
IH, tcrt.proton), 7. 2-8.1 (m, 7H, aromatic+ N H). 

ms t rn/z ; 325 250 (M+H -CH2CH2S-CH3). 


The results of the above study are compared with yields obtained 
using the traditional DCC-HOBt method. The results are presented in CHART Cl9, 
which would show that in several cases, the use of DODGI gave better yields. 
In addition, the work up procedures are easier with DODCT. 
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CHART C.19 

nolH’I IS MSHiU CONVliNlRNT THAN DCC IN REGULAR PEPTIDE SYNTHESIS 
SINU.Ii DI-OCTADECYLUREA (DODU) IS INSOLUBLE 


I’RoniK' r 

DODCI 

YIELD(%) 

K 

DCC-HOBT 

B/.-lLU-Gl.Y-OMe 

m 


55 

B/,-MET"GLY-OMe 

40 


70 

Bz-LEtl-CONH-C^Hj j 

73 


59 

Rz-PHE-CONH-C' .H,, 

55 


67 



A'l '.luuvii in C.HARr C.20 , addition of water (2%) to isooctane 


l.Mrls to tl.r . Ic.u s.'punition of two layers. In sharp contrast, isooctane to 
^*-1 nutlc of At-t I has been added, provides clear solution, on addition 
of 2% w.it(T ppvinp, rise to reverse micellar system as illustrated in CHART C.17. 
The [)ol.ii tuM(l of AOT derives significant contribution from the sulphonate 
salt as well as the .succinate ester oxygen. 

Signifirant hydt'opliobic surface is created by the branched ester 
function ,ts shown in CtHART C.20. CHART C.21offers a probable profile of 
tiie revu'tse rnuelh* Untn in i.sooctane to which DODCI has been added. As 
<-ould t)e seen from this HOnCI ( 39 ) can act as a co-surfactant and 
eleganily .ilign along the ttiicellar .surface with the carbodiimide functionality 
facing tfie w.iter cavity. Two possible situations can arise when coded a -amino 
acids are added to the HODCI - AOT reverse micelle composite. In the case 
of a "Urntnti ik ids possessing hydrophobic residues, the side chains can be expected 
to be a part of the micellar surface with a -amino acid moiety facing the water- 
pool. .Such an arrangement, illustrated in CHART C.22b, would lead to the activa- 
ted ester followed by peptide bond formation. On the other hand, in the case 
of amino acids carrying polar side chains, they could be expected to be present 

mostly in water pool and the peptide bond formation involving these compounds 

would be governed by their interaction with DODCI anchored at the micellar 
interface CHART c:.22b. 

Rased on models presented in CHARTC22a and CHARTC22b, it 

would Ik* anticipated tluit the peptide bond involving hydrophobic residues would 

be more easily lormed in isooctane harboring micelles incorporating AOT and 
nOlX:i compared to the polar a-amino acids. This expectation has been very 
satisfa<.torily realized. 
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CHART C-21 



■■ Polar head of AOT & DODCl 
Hydrophobic tails of AOT 
_vww Hydrophobic tails of DODCl 



CHART C-22 
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X = NH2 





ISOOCTANE 



(b) 

Polar head of AOT & DODCI 

Hydrophobic tails of A 
Hydrophobic tails of DODCI 
:00H ; 0< Hydrophobic residue , 
Polar residue. 



115 


In ,j ivpK .il (‘xpcrirncnt, 0.5 niirol of N- protected amino acid was 
niix'-'l witli 1^* nil <>| siotk solution (prepared by adding lOmmol of AOT to 100 
ml ot isoiu tune tuutuining 2 ml of water) and 0.5mmolof DODCI followed by 
O.'itninolof uruino acid methyl ester wlich was usually freshly prepared. The results 
of this study iire presented in CHART C.23. As could be seen from CHART 
(’.21, the vi('lds of difx'ptides BzLcu-Leu-OMe (30), BzPhe-Phe-OMe (^), Bz- 
pite-rro-OMe (/</), [‘./Pfie-Leu-OMc (W) and BzTrp-Trp-OMe (^) possessing 
(ivdiophotm side < hums w(‘r<' significantly higher compared to BzGlu-Glu-di-OMe 
( H) ,md !V Asi*' As|t*tii-OMe (50) possessing polar side chains. 


H/.l’h<«-'Phe..t^Me (4f<) : 
ittp. l/K-l/W., 

ir • V (Kf\r) cm"“ ; 3320 (-NH), 1745 (ester), 1665, 1640, 1550, 1530 

“ * max 

(amide). 


B/l’he-l’rO”OMe (47) 


ItiK k syrujj 


ir 


rutir 


I : 33»0 (-NH), 1750 (ester), 1640, 1545 (amide). 

2.0 (m, 4H, (CHj)^). 3-23(d, 2H, -CHCH/h), 

JH.COOCilj) W(m,2H,.N-CH:2lA4(m, IH, -CH),«(rm IH, 
.t:U), H) - 7.9 (m. II H, -NH, 2 X Ph). 


V (neat) cm 
max 


6ia^cA^) 
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1 cu (.'iMc ; 


mp. 

ir ; V (KBr) cm"' : 3310 (-NH), 1760 (ester), 1640, 1550 (amide). 

nmr : (C'.nc'.l ^) : 0.8 (d, 6 H, CH(C:ji 3 ) 2 ), 1-1 (m, IH, CJi(CH 3 ) 2 ), 1-5 

(rn, 711, t;H 2 CH(CH 3 ) 2 ), 3.1 (d, 2H, CH-Cji 2 -Ph), 3.6, 3.7 (s, 
s, 3H, C'OOCHj), 4.5 (br, IH, tert.proton), 4.9 (q, IH, tert.proton), 
7.2 (s, 511, ~CH 2 -Ph), 6.7 - 7.7 (m, 7H, NH, amide Ph). 


BzTrp-Trp-OMc (49) 5 


mp.l88»19(J'’C:. 


ir 


nmr 


V (KRr) cm"' ; 3400, 3300 (-NH), 1740 (ester), 1640, 1610, 

max 

1520 (amide). 

Sd'.DCl^) ! 2.9 (m, 4H, 2 x CHCH 2 -indole), 3.5 (s, 3H, 0000113 ), 
4.6 (n>, 2H, tert.protons), 6 . 1-8.0 (m, 19 H, 2 x mdole + 2 x NH+Ph). 


s p 71 there is a correlation between 

As could be scon from OHART 0.23, tnere 

hy,lr<,phobic:ity »I the side chain to the isolated yield of dipeptide. This 

.■orrt.|.htion is in accord with anticipation based on the profile of the system 

*... +.Kic ic Phe-Pro. where the isolated yield 
(CliAHt 0.22). An exception to this is Phe Pro, wn 

. ■ 1 ■ « ..vnerted for hydrophobic residues, although, in relative 

of tin' dijx'ptide IS as txpected i y h 

«iinA k considered as one having polar side chain since 
hydrcqiliobu ity t<mms, proUne is consiaereu 
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BzNH 





COOH 



CHART C-23 


AOT 

COOMe isooctone 

H2O 

DODCI 



Rl H 


COOMe 


h. 

-1, 

^ 2 

X 

Isolated dipeptide yield (%) 

LEU 

1,8 

LEU 

1.8 

20 

PHE 

2.5 

PHE 

2.5 

26 

psjp 

m 1 i k# 

2.5 

PRO 

« 

- 3.3 

34 

PHE 

2.5 

LEU 

1.8 

31 

TRP 

Xtt 

TRP 

3.4 

40 

GLU 

- 0.3 

GLU 

** 

- 0.3 

13 

ASP 

- 0.2 

ASP 

♦* 

-0.2 

1 I 


Rell Hydraphobicity 

GLY = 

0 (Kcal mor*) 



* Exhibits unusual solubility profile 
HjOi 162g/100ml EtOH s 70g/ 100ml 

w -Esters were used taken for GLN/ASN 
{values for GLU « -9.9 $ ASP = -7.^) 
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tl"- I'liiiio ,H Kl (i.itiitc of this compound makes it soluble to the extent of 
I yj I nfi Oil (It .''0". However in terms of alignments, it can be anticipated 

(luit ill*' livdi uphuiur methylene residues of this amino acid would line up at 
the tnifoll.ii niter tut t' like a hydrophobic residue which would explain the 
high yiidti of ciipeptide from this reaction. 


Itu' results obtained in the present work show, for the first time, 
the us(* of reverse tftirelles for the formation of peptide bond under non-enzy- 
iitulK t onditions , Whilst ,i fit between that anticipated on the basis of selective 
peptide tiood fortnution at the micellar interface (vide supra) and the results 
presentetl m tlllARr (1.23 could be seen, the importance of several other 
factors le.Kling to the observed results can not be ruled out. For example, 
the extent of dipeptide formation can be controlled by the efficiency with 
which the attiino acids could reach the interface and align with the condensing 
.igettt for tlu* activated ester formation leading to peptide synthesis. This 
process wotihl he easier in the case of hydrophobic amino acids which would 
at < omit toi the higher yields of dipeptides formed. Irrespective of the variation 
with tesptH 1 to the interpretation of the results cited in CHART C.23 the 
b.isu notion that tlie peptide bond formation does take place at the micellar 
interface seems appropriate. Having established the preference for peptide 
bond formation with hydre^phobic amino acids, preliminary experiments were 
carried out to use this model for the selective peptide bond formation in a 
competitive environment. 

[ lie strategy that was used in the preliminary competitive experiments 
involved tlie prior fc^rmation of the activated ester at the interface involving 
tiH' carboxyl residue of N- Y - C-protected Glutamic acid and N- 3 - C-protected 
Aspartic acid. To such a system was introduced half - equivalent 
of Leu-OMe and Glu-di-OMe / Asp-di-OMe . ft was envisaged 
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**'''• tt''"'*' ' I'tupoiincis would have to diffuse through "the isooctane and that 
lh<- < on, .•ntt,,tiun of l.oii-OMo would be considerably more at the interface 
. oitip.itcd to otihcM Aspdt~OMe or Gludi-OMe. Consequently, this experiment 
could ho oxiH't tod to (irodure either BzGiu-Leu-OMe or BzAsp-Leu-OMe in prefe- 
K'lht' t<^ ri‘spt>< t i vely , BzCdu-Glu-di-OMe and BzAsp-Aspdi-OMe. In the event, 
tho two* f onip(’! itivc* experiments on work up followed by chromatography gave, 
in the first ous«' 23% yield of BzG1u(y “OMe)-Leu-OMe and practically none 
id f\/Gltf( Y "C'M(’)“Gludi“OMc. In the second case, the competitive experiment 
yieltleil I‘)% of B/ Asp( -GMe)-Leu-OMe (45) and 4% of BzAsp{ B -OMe)-Aspdi- 
OMe. 

f\/AHp(H -OMe)-UHi-OMe (i^) ; 

Thick syrup 

ir : V (neat) cm”* : 3330, 3300 (-NH), 1750 (ester), 1650, 1555 (amide). 

fiilix 

nmr s 6(Cm:i,) i I.O (d, 6H, HC(Cii2)2), CH2Cii(CH2)2), 


1.65 (m, 2M, CH-CJi2CH(CH3)2), 3.0 (m, 2H, CH-C_H2COOCH3), 
3.7 (s, s, 6H, 2 X COOCJij), 4.6, 4,9 (m, m, IH, IH, tert.protons), 
7. 0-7.9 (fii, 7H, aromatic, 2 x NH). 



B/As(i( B -t'>Me)>Asp-( 8 -OMc)-OMe (^O) : 


mp. nid'C. 

ir . V (KBr) cm”' J 3300 (-NH), 1730 (ester), 1645, 1530 (amide). 

max 
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: 2.') (in, 4H, 2 X CHCjH^COOMe), 3.65, 3.75 (3H, 6H, 

X ( OO( il^), 4.9 (in, 2H, tert.protons), 7.4-7.9 (m, 7H, aromatic 
t .’.Nil). 


Above ,ill, tlu' experiments, thus far described involvirig reverse 
ttuffll.tt '.vsteins tn< orpotM t ing AOF, generate very attractive leads for further 
woilv vvhii h wotibl iiu lnde tli<‘ use of the micellar interface as a support for 
peptid-- olonjsition, the tontrol of preferences in peptide bond formation and 
st'lectivity in ibe .ittucbment of liydrophobic residues. 

It w.is ct'nsitlortul tbut [>roblems related to diffusion of substrates 
{'ould be rninirnii»ed by generating the reverse micellar system in aerosol space. 
To this <*nd the reactor illustrated in CHART C.24 was designed. It was considered 
that such a reactor could efficiently bring about the peptide bond formation 
involving a water soluble amino acid and water insoluble one. The specific expe- 
riment that was attempted, involved charging the chamber A with an equivalent 
amount of fkLeu-OMe in isooctane harboring the reverse micellar system descri- 
bed earlier. Chamber h, in turn, was charged with equivalent amounts of water 
soluble rarhwliimide iU) and Glycine in pH 10 borate buffer. Injection of N 2 
iuads lu dr.<h.«rgc, Irom both the chambers, of contents in the form of very 
fine spray and it was felt that the alkaline buffer would hydrolyse some of the 
H/leu tiMe in tlie aerosol space, permitting further condensation involving the 
water soluble carbodiimide leading to BzLeu-Gly, that is insoluble. The envisaged 
I'vents that wi're anticipated to take place, are illustrated in CHART C.25. 
In the event, liowever, the yield of BzLeu-Gly-OH obtained was very poor, thus 
precluding a rational analysis of this experiment. 

the work described thus far hopefully brings out the fact that a 
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CHART C-24 

PEPTIDE BOND FORMATION IN AEROSOL 
NOVEL REACTOR DESIGN 



'—^NH Bz 
COOH 
NH2 


Bz NH 


0 


AOT (0-1M)+ H2O (2‘’/o) IN ISO OCTANE 

r-.Ns:C=N-R' + pH 10 Borate buffer 
(Water soluble) 

= Leu 
= Gly 
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CHART C-?S 



XsBzLeuOMe x'=Bz-Leu-OH Y = GLY 

2 = Bz-Leu-GLY-OH 
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.uitnbrr ol i'xponnmiUil frames could be designed to bring about selectivity 

iff prplult^ IhmhI Unin^itioru 
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PPM (6), 60MHz 






PPM (6), 60MHz 




PPM (6), 60MHz 
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PPM (6) , 60 MHz 




PPM (6), 6OMH2 


130 



PPM (6), 60MHz 
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PPM ( 5 ) , 60MHz 


.132 



PPM (6), 60MHz 





PPM ( 5 ) , 60M 





PPM ( 5 ) , 60MHt 




PPM (6), 60MHz 


1 3 7 



PPM (6), 60MHz 



HDO 


138 



PPM (6), 60MHz 




PPM (6)^ 60MHz 
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PPM (6), 60MHz 



PPM ( 5 ) , 6OMH2 



), 60 MHz 



o 

d 


PPM (6), 60MHz 





PPM (6) , 60 MHz 





PPM ( 5 ) , 80MHz 



14 V 



PPM ( 6 ) , 60 


IMS 


148 



PPM (6), 60MHz 



PPM (6), 60MHz 



PPM (6), 60MHz 



PPM (6), 60 MHz 



60MHz 


TMS 



PPM (6) , 60 MHz 


154 



p 

ai 


PPM (6), 60MHz 




T MS 


156 



PPM (6), 60MHz 



PPM (6), 60MHz 


IMS 



PPM id), 60MHz 





PPM (S), 60MHz 



60 MHz 


^ EXPERtMENTAL 


Mcliiiij', [iuitU.s jiid boiling points are uncorrected. Infrared spectra 
wvtc rcc'oi'ded on Perkin-Elmer Model 580 spectrophotometer either as neat 
lit|tii(K or us thin Kl^r wafers. NMR spectra were obtained on dilute solutions 
in (inc'l j or CX*1^^ or DMSO-d^on a Hitachi R600 (FT), E.M. 390 spectrometers. 

I h»‘ < h♦'lIl^^■.tl Mil Its are recorded in ppm with TMS at 0.00 as internal standard. 
Mass spin tt.i were recorded with a 3eol instrument. HPLC analyses were carried 
out with Model (Waters associates) using solvent system MeOH : H^O (80:20) 

in revel sell phase column. Elemental analyses were carried out in automatic 
C,H,N analysers. Silica gel G (MERCK) was used for tic and column chromato- 
graphy was done on silica gel (acme, 100-200 mesh) columns, which were invariably 
made from a slurry in beiiEene. Reactions were monitored, wherever possible 
by TEC. The organic extracts were invariably dried over anhydrous MgSO^ and 
solvents evanorated in vacuo . 
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I. Jhs' I’f ()1 1 “QM f thyl 2Tetrazoline-5-Thione ( 1 ) ; 

Mrlhvi \MtKi It* I 

!(' d vif;orot)sly stirred and ice salt cooled (-10 to -15°C) mixture 

of lON-NoOH (90 ft.!) and CS-, (55 ml qnn ^ . c u 

ml, 900 mmol) was added, over 0.5 h, aq 

MnNH2(15%, 90 ml. 900 mmol). The stirred reaction mixture was warmed on 

.1 wattn' h.itfi for 1,5 h, the resulting bright red solution cooled to rt and admixed, 

over 111, wtlh { ff'l. 900 mmol), left stirred for 0.5 h, the top layer 

of MoNfS setMf.ilc'd, dried (Na^SO^^) and distilled ; b.p. 118-122°C, yield 35 g 

(5/f%) dit.^*^'), 

b. l«Melhyi“5 .(fnethyithio)-lH-tetrazole (2) : 

To refluxirtg NaN^ (22.1 g, 340 mmol) in H2O : EtOH :: 6:1 (35 ml) 
was added, under stirrirtg, during 7 h,. a solution of MeNCS (24.8 g, 340 mmol) 
in EtdJH (70 (t.l). TTie reaction mixture was left stirred for 0.5 h, cooled to 
rt, admixed wttlt, in drops, (Me0)2S02 (32.2 ml, 340 mmol), was left stirred 
for 15 h, ron< entrated in vacuo, extracted with CH-,c1t (6 x 30 ml), dried and 
distilled to give % g (S3%) of (2) as an oil, bp 138-40V10 torr. (lit. bp 78V 

lf}"J |0rr.). 

Anal, s Calcd. for C (mol.wt. 130): 

C, 27.601 H, 4.60; N, 43.07% 

Found I C, 27.83 I H, 4.91; N, 42.86% 

nmr 1 6 (CCl^) j 2.8 (s, 3H, SMe), 3.9 (s, 3H, Nj^). 


ms 


I 


rn/z : 1 10 (M V- 


c, I /i .i/nlnK‘"5-thionc ( !) ; 


I" ■•'hkmI nuufthyl sulfate (10.5 ml, 110 mmol) held at 100° was 

adik'd. Ill ().’> h, (/) (14.5 g, no mmol). The mixture was left stirred for 0.25 h 

at l!(r, (oul.'d, .Klrnixod with dry MeCN (30 ml) followed by, in drops, dry NEt^ 

(/./'> nil, 5) ttitiiul), loft stirred for 3 d, diluted with benzene (50 ml) and evapo- 

ruttni in ViH t}t». I hn ht'tt/.ene addition and evaporation was repeated thrice, the 

rnsidtu' t.tknn up in hnn/niK’ (60 ml), left stirred for 15 h, decanted, the residue 

funhc't •.{iffd with .uldittofutl three lots of benzene (3 x 25 ml), the combined 

extracts «*v.^K»rate<l and the residue on crystallization from cyclohexane gave 

6.5 g (^5%) of (J), as colourless crystals, mp. 102-103“C (lit?^ mp.l07°C). 

Anal s Colrd for C jHgN^.SCMol.wt. 130). 

C, 27.60 I H, ; N, ti3.00% 

f-ouru! C. 27 M ; H, t^.90 ; N, ^3.48% 

ir ; V , (KBr) cm”' ; 1360 (C=S). 

I flit X 

nmr s 6 (Ct^t'l^) i 3.0 (s, 6H, 2 x N -CH^). 

rris s in//. : 1 30 (M'), 73 (MeNCS)^ 

If. Ttic Hcactipn nf l.Mothyl -^ hydra 2 _ i ^_j, 

Kuhition of lj4nTifnct hvl-7nct.ra/olirt» hydra^ejj). : 

niiHMliyi sulfate (1-9 ml, 20 mmol), was added, in drops, to (2) 
(2.6 s, 20 mninl) hold .t I20»C. The reaction mixture was cooled to rt, admixed 
with sohil.on ol rsNUNHj (3.72 g, 20 mmol), in pyridine : NEtj :: 25 : 3 


(/X -nl), lr!( MunnI for 16 h, evaporated, the residue poured on to crushed ice, 
lilfct(Ml, (Irifi! .itul ( rystullized from hot dioxane to give 0.75 g (1^1%) of (^), 

fn[K /()/( 

5 talc'd, ior CjQHj^Ng02S (Mol.wt. 282). 

C, 42.56 ; H, 4.90 ; N, 29.8% 

i'iniiKi C, 42.86 ; H, 5.24 ; N, 29.34% 

ir s '^30, 1160 (SO^). 

ntiu ! 6(c:nc:!^) ; 2.5 (s, 3H, CHj) 

tns s rn// ; 282 (M '), 197 (TsNHN ECH f, 155 (TsH f. 

Hi, The ktNu’tuitr of l«Methyl -5-(methvlthio)-lH-tetrazole with Benzoyl hydrazide ; 
t>f 1 ,4»D imethvl-2-tetrazolinebenzoyl hydrazone (5a) : 

I'iirnetiryl sulfate (1.9 ml, 20 mmol) was added, in drops, to a solution 
of (2) (2.6 g, 20 mmol) in dry toluene (25 ml), held at 125-’C. The reaction mixture 
wu.s rook'd, drconted, dried, admixed with a solution of BZNHNH2 (2.72 g, 20 mmol) 
in pyridirrr ; » 25 : 3 (28 ml), left stirred for 16 h, evaporated, digested 

with rrushed ice, filtered, dried and crystallized from acetone to give 2.4 g, 
(46%) of (5u), mp. 221 -2®C. (lit.''^, mp. 222°). 

amd I Calcd. for e,QHj2NgO (Mol.wt. 232). 

C ; 46.50 ; H ; 5.17 ; N, 36.2% 

Found C, 47.08 f H, 5.62 ; N, 35.8% 

ir t V (KBr) cm’’ s 3240 (NH), 1645, 1545 (amide), 

max 

nmr J ^(CnCljt DMSO-dg) : 3.69 (s, 6H, 2 x N-CH3), 7.39-7.91 (m, 5H, 

.'.rrornatic). 
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IV. II"' 1'<M< tton n( I »M(‘t.liyl-5- (rnethylthio)~ 1 H-tetrazole with Ethyl carbazate ; 

Istihitioi) nf 1 ,^j;nitii<‘Uiyl -2-t etra20lio»5~ethyl carbazone ( jb) : 

h> (utirjound (2) (3,9 g, 30 mmol) held at 125°C was added, in drops, 
(M(‘0)^.S<.''2 (2.7 (til, 30 mmol). The reaction mixture was cooled to rt, admixed 
with a solution of NH2NHC02Et (3.12 g, 30 mmol) in pyridine : NEt^ :: 35 : 4.5 
(39.5 ml), lott stirred for 16 h, evaporated and the residue chromatographed 
on ‘.lilt .t gt’l- Hlutiun witli benzene gave 0.8 g (20%) of (5b), mp. 120-124°C. 


ir s V (KBr) cm"' : 3480 (NH), 1720, 1625 (urethane). 

flklX 

V. Itm j’rrp.ii.ituin of 1 ,4-13ime thvl-2-tctraz'oline-5-hydrazone (6) : 


a. Hy ,u uiu hydrolysis of (5a) : • 

A solution of (5a) (1.16 g, 5 mmol) in 6NHC1 (20 ml) was refluxed 
for 0.5 ft, evaporated, the residue taken up in absolute ethanol and concentrated 
to give 0.2 g (25%) of (6), as hydrochloride, mp. 250-4'’C. (lit.'^^). 

nrrir t 6(1520) : 4.8 (s, 6H, 2 x N -CH3). 

b. !3y Saponifirittioft of (^b) •* 


To stirred and ice salt cooled IN-NaOH (5 ml) was added, (5b) 
(tj.2 R, I mmol). The reaction mixture was left stirred tor I h, filtered, washed 
with cold w.,fr, and dried to give 0.06 g (»6%) of (6), mp.ieo-C. 


ir 


V (KBr) cm"* *• 3260 (-NH). 

max 


VI. Oxidation oi 

■ ; MtemgeMl^^ ne-5-dIazc-2-t«r,z^ n^ 

A n,ix.ure of (6) (O.OOe g, 0.5 mmol), yellow mercuric oxide (0.125 g. 


OKI 



0.‘’8 imnc»l) 
(1 (l( op ) V^’.C. 


imtiydfoiis Nij^so^ (0.02 g), dry ether (2 ml) and ethanolic KOH 
for 0.5 h, filtered, and evaporated to give an intractable 


guru. 


V!I. Anoitipioil lhf]Mi.ition Of The Carbene 


Dimer (9) ; By thermolysis of (4) : 


nuumolysis of (4) either neat or in xylene followed by analysis 
of tlH' pto.fu.f, f.iihnl to yield either the expected diazo compound (7^) or any 
prinliK t the N-Me grouping, The gummy residue obtained in each 

e.i.se extufiifec! the prejtenre of the Ts moiety (nmr). 


VIII, , I'he !‘rej},it;.iu«>fi of 1 -Methyl - 2 ••tetrazQline-5-thione (10) : 


To a stirred solution of NaN^ (9.74 g, 150 mmol) in water (200 ml) 

Wits iidffed, if» drops, MeNCS (7.30 g, 100 mmol). The mixture was refluxed for 

8 h, cooled, extracted with ether, the aqueous layer cooled, adjusted to pH 3 with 

2NHt;!, extfiH ted with ether (3 x 50 ml), dried, evaporated and the residue 

on t ryst»»l!i/«»lion frotn thloroform-hexane gave 5.4 g (46%) of (10) : mp. 125-1 27°C. 
48 

(ht. tup. 12 5-1 26«C). 

if i u (KBr) cm"* ; 1330 (C=S) 

tlKIX 

rmtr s ((:iV.:i^) : 4.0 (s, 3H, N-CH^), 7.4 (br, IH, NH). 

tns ! ftt//. j 1 16 (M^), 73 (MeNCS*). 

IX. n„. t»r..par..tinn ot l-Phenvl- 2 -tetra zoline-5-thione (11)_ ; 

A ttiixture of FhNCS (8.10 g, 60 |nmol), NaN3 (5.85 g, 90 mmol) 
„.Hl waK-r W> ...I) w„ rcduxed for 6 h, extracted with ether (2 x 50 ml), the 
.Kiueo,,.. I.,,.., adiusted to pH 3 with 2NHCI, filtered, washed with cold water. 
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»0H to give',. .8 g (i„%) of (Ji), mp. ist-c (lit!* 

fufu 

* 3500 (br, NH), 1360 (C=S) 

: 7.6 (ci, t, 3H, o,p-protons), 8.05 (m, 2H, m-protons). 

.r*^^^'<*riVl-^-(hvdroxvmethvl)-tetrazoline-5-thione (1 2) : 

I iif ttu)lin (15%, 1.5 ml, 20 mmol) was added, in drops, to (J_l_) (0.22g, 
1.2 nunni), Hh' mixtute was refluxed for 0.5 h, coole,d and filtered to give 0.2^^ g 
(‘M'V.) ot (12) rnf). '»fV (llt.\p. 97-98“C). 

anal s CaU d, for (Mol.wt. 208). 

C, 46.15 ! H, 3.84 ; N, 26,92% 

‘■ound C, 45.78 ; H, 4.35 ; N, 26.79% 

ir s •• , .(KHr) crn'^ .* 3300 (OH), 1360 (C=S) 

f I ifcl X 

nrnr i Aft'-DCl^) : 4.9 (OH), 5.8 (s, 2H, N-Cji 2 )» 7.5 (d, t, 3H, o,p-protons), 
8.0 (q, 2H, m-protons). 

XI. The Prep.ira tion _ of t he Mannich base |-Methyl-4-(piperidino met hyl)-tetra- 
/(ditu«-5.thione { 1 3) ? 

A solution of (10) (0.58 g, 5 mmol) in methanol (5 ml) was admixed 
with lonrwhfj (35%, 0.57 ml, 6.6 mmol) to which piperidine (0.55 ml, 5 mmol) 
had been ..dded, left aside for 2 h, evaporated and distilled to give 0.6 g (56%) 

^JJ* 

ir I V (KBr) cm’* : 1340 (C=S) 

max 

nitir s ^(CDClj) j 1.55 (m, 6H, 2.7 (m, 4H, N-(CH 2 ) 2 ), 3.9 (s, 3H, 
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N < II 1.2 (s, 2H, NCHj-N). 

im : : ;]i, Mh', 154 (MeN=C=NCH 2 -NHpip.):‘ 101 (Me-N(CS)N=CH/. 

XII, AtKMT.ptcHl Mannich base, l-Phenvl-MN,N-diethvlamino- 

1^" f ; Isolation of l-Phenvl-5-(diethvlamino) 

1 4) t 

I (uni 1 I’ltcnyU ^ -t('tw5'olinc-5-thione (J_[_) : 

lo .1 sdhiiuin of (JJ) (0,89 g, 5 mmol) in methanol (5 ml) admixed 
wall lornMliii i o.y/ nil, 6.6 mmol) was added, in drops, Et^NH (0.56 ml, 
5.6 tmiml), (ho rrvit uuii rnixturt' was left aside for 2 h and filtered to give 
0.64K {5.H%) of (14), mp. lll''C. (lit,^^ mp. 110-111“). 

nrnf s «S(l.'l'>t:i s 1,4 (t, 6H, CH 2 (CH_ 2 ) 2 ), 3.15 (q, 4H, N(CJl 2 ) 2 -CH 2 ), 
//j (tl, t, 311, o,p-protons), 8.0 (m, 2H, m-protons). 

b. From l-Flu'tiyi-4{hydroxymethyl)-tetrazoline-5-thione (_1_2) = 

To ruMt (J2_) (0.208 g, ) mmol), was added Et 2 NH (0.12 ml, 1.2 
mmol) m tlrops. The reaction mixture was cooled and filtered to give 0.085 
{ 39%) of {14), mp. 1 1 0-1 1 !“(: (lit.^^mp. 1 1 0“C). 

XIII. Tho l*fop.tr.aioo of the Mannich base l-Phenyl-4(morpholinomethyl)-tetrazoline- 
-Vtliiuno (15) ; 

.1. F'rom 1 .phenyl- 2 .tftrazoline- 5 -thione (JJ.) : 

A .olul.on of m) (0.178 g, I mmol) in methanol (I ml), was admixed 

will, Ion I, OW, 0.12 ml, 1.2 mmol) - to wtiich morpholine (O.I ml, 1.2 mmol) 

h.,„ 1„.,,„ . led aside for 2 h, filtered and crystallized from EtOAc-hexane 
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to j'.ivc 0.1. H.S {<./'!(,) of (J_2) mp. 154°C. (Iit?^mp. 

" ■ (C=S) 

nror : .hSTIH’Ij) : 2.8 (t, 4H, N(CH 2 ) 2 ), (s, 

2ff, N-CJH2-N), 7.5 (d, t, 3H, o,p-protons), 7.9 (m, 2H, m-protons). 

b. l itnn '/{Hv4lf«txvt(>othyl-|-phenyl-tetrazoline-5-thione (J2) : 

lo tHMt ( 17 ) (0.208 g, 1 mmol), was added morpholine (0.1 ml, 1.2 mmol), 
o(Kd«'(t ,ttu! « tv.f.tllt/rtl from EtOAc-hexane to give 0.208 g (75%) of (_I_5) mp.l52-3°C. 

XIV. Hk’ i’f ••p.if.i tion oi tilt* Manr uch base l-Phenyl-4(piperidinomethyl)tetra2otine - 

( lb) ; 

a, I'mm l-Pliotiyl- 2 -t{>tra?.olino-5-thione( 11) ; 

fo .1 'lolution of (_N) (0.89 g, 5 mmol) was added formalin : piperidine 

» 0.6 ml ( 35%, 6,6 ml) i 0.55 m) (5 mmol). The reaction mixture was left aside 

38 

for 2ft, ftlfou'd and dried to give 0.11 g (7^%) of ( 1 6), mp. I36-137°C. (lit. mp.l36°C). 

ir * V (KBr) cm"* : 1 350 (C=S) 

f?w.x 

tifiir : A((:nCl^) s 1.5 (m, 6H, 2.3 (m, 4H, N (€112)2)’ 

' N-t:jl2’N), 7.5 (d, t, 3H, o,p-protons), 8.0 (m, 2H, m-protons). 

b, f’rotti l-Fht*nyl"4(hydroxymcthyi)-tetrazoline-5'-thione (12) : 

To neat (12) (0.208 g, 1 mmol) was added piperidine (0.12 ml, 1.1 mmol), 

mmmm 38 

cooled and pressed dry to give 0.25 g (90%) of (J£), mp. 1 34 C. (lit. mp. 1 36 C). 

XV. ri... Pr..p..r..tinr. of l-Methyl»5( ben zYlthio)-lH-tetrazole (17) . , i 

lu a solufon of (10) (0.1 16 g, I mmol) in dry benzene (5 ml) admixed 



«itl. Nl , , ,„l, I/, phcHjBr (0.257 g, 1.5 mmol). 

"”■ '‘-f for t h and evaporated to give 0.13 g 

((. .'t ( I ') .f. .Hi Hil, hp. I.S0‘’C/2 torr. 


HfU! 


A (i tX:!^) : 3.75 (s, 3H, N-CH^), if.5 (s, 2H, S-CH^), 7.3 (s, 5H, 
arojiuttir). 


rtis 5 rnh i m (M'), 

XVI. Hh- l*n-para!mnji| !-[k»n;>yl-2 -tetrazoline-5-thione (lg) : 


.>\ titixturc of bcn/.ylihothiocyanate (7.5 g, 50 mmol) NaN^ (4.87 g, ■ 
7*1 tiitiH'l) .Hitf (IfK) ml) was refluxed for 8 h, extracted with ether (2 x 

50 It)!), {he attiUHnis layer adju.sted to pH 3 with 2N-HC1, extracted with 
ether ( i x 50 mi), drted and crystallized from EtOAc-hexane to give 5.45 g 
(%%) of (Ul), mp. 14 3*0. (lit.^^mp. I44«C). 


ir s V . (KBr) cm"' s 3090 (NH), 1360 (C=S). 

nmr s S(0!5(:i j) ! 5,4 (s, 2H, NCH2-Ph), 7.4 (br, 5H, Ph). 

XVtl, rhe {*retkiiratio n of l-Bcnzvl-5(ben2ylthio)-lH--tetrazole (19) : 

To a solution of (J9,) (0.96 g, 5 mmol) in dry ether (10 ml) admixed 
with Nf;t^ (0.66 ml, 5 mmol) was added, in drops, CgH^CH2Cl (0.63 g, 
5 tmiml). The reaction mixture was refluxed for 19 h, NEt^HCl was filtered 
off, ev.tp„r,,ted and the residue on crystallization from EtOAc-hexane 
g.)ve 0.9 g (64%) of (Jl), mp. 59-60*C. (lit. mp. 62.5-6 3.5°C). 

if. • V (KBr) cm"' t 3000 (NH), 1610 (G=N), 1505 (N=N). 

* max 
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ruiu 


ACf 'IH't ; 4.S (s, 2H, S-CJi^-PH), 

.HOdl.tt It }, 


5.3 (s, 2H, NCH 2 -Ph), 7.3 (br, 


I OH, 


XVIII. Ihr 


^*L!jllbgr’yj--5(thioacetate)-l H-tetrazole (?n) : 


h- .1 solution of (m (0.356 g, 2 mmol) in dry benzene (10 ml) admixed 
With NUt, (f-.?A mU 2 mmol) was added, in drops, BrCH2C02Et : dry benzene 
;; 0* > K niinol) s 5 ml, Ihe reaction mixture was left stirred for 10 h, NEt^HBr 
wns f.ltorrd off, evaporated and the residue on crystallization from benzene : 
ht-ymm to give 0.19 g (38%) of (W), mp. 8tf-6°C. (lit.'^^ mp. 87-88°). 


annl s (\tlrtl. for Cj|Hj 2 N ^02 

C, 50.00 ? H, tf.54 5 N, 21.21% 

I'ound C, 49.41 ; H, 4.40 ? N, 20.87% 

ir t V . (KHr) cm"' s 1740 (ester) 

f I III X 

nmr s (SfeOd^) s 1.3 (t, 3H, 0-CH2-Cjl3), 4.25 (s, 2H, S-CH 2 ), 4.3 (q, 2H, 

O-t'H^-CHj), 7.6 (s, 5H, aromatic). 

The Pr eparution of l-Phenvl-5(thioacetic acid)-lH-tetrazole (21) ; 

a. f'forn I-Phenyl"2-tetra2oline-5-thione (XL) : 


To a solution of (jn) (0-3S6 g, 2 mmol) in dry benzene (10 ml) 
admixed with NIU, (0.26 ml, 2 mmol) was added in drops, BrCH 2 C 02 H : dry 
benzene is 0.42 g (3 mmol) i 5 ml. The reaction mixture was left stirred for 
IK li, Ntlt^HBr was filtered off, and evaporated to give 0.124 g (30%) of (21_) 


as an oil. 
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b. By (" 'ilHiit o( UO) : 

\o Mirtocl utKl ice salt cooled IN KOH (5 ml) was added, (2^ (0.264 g, 

I mttiol). Ihf tiMctioii mixture was left stirred overnight, cooled to 0°C, adjusted 
to (>H 3, extiac.U'd with ether (2 x 50 ml), dried and evaporated to give O.1 1 g 

(46%) of (21), as an oil, 

ir : v^^^,^(neat) cm"*! 3700-2300 (br), 1710 (COOH) 

(C.nC,!^) ! 4.2, 4.3 (2H, CH 2 '-COOH), 7.32-8.2 (m, 5H, aromatic), 
ms : m// : 237 MH‘. 

XX. 1 h«' Prt'p.ir ation of I -C3yclohexvl-3-(3-dimethyla minopropvDcarbodiimide 
niftho-p-toluen esulfonate (22) ; 

a. Cyrlohexyl isothiocyanate : 

To a vigorously stirred and ice-cooled (0®C) solution of cyclohexylamine. 

(28.73 g, 260 rnmol) in dry ether (200 ml) was added, in drops, CS 2 (10.07 g, 

130 mmol). The resulting solid was filtered, treated with mercuric chloride 

(35 g, 130 mmol) in water (375 ml) at 90'‘C for 0.25 h and steam distilled to 

50 

give I4.0g (76%) of cyclohexyl isothiocyanate, (lit. ). 

ir ! V (neat) cm"’ ! 21 36 (isothiocyanate), 

max 

b. |-Cyclohexyl-3-(3-dimethylaminopropyl)thiourea (23): 

To a stirred and ice cooled solution of cyclohexyl isothiocyanate 
(4.512 g, 32 mmol) in dry ether (20 ml) was added, in drops, N,N-dimethyi-l,3- 
propun.‘diumme (3.264 g, 32 mmol) in ether (20 ml). The reaction mixture was 
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left sunrcl hir ; h, filtered and dried to give 6.0 g (78%) of (23), mp. 70°C. 
(lit/‘in(u /I'T.). 

anil ; C\.lcd. (or C j 2 H 23 N 3 S(Mol.wt. 243) 

C, 59.20 ; H, 10.37 ; N, 17.25% 

Found : C, 59.16 ; H, 10.35 ; N, 17.36% 

• 32*0 (NH), 1650 (thiourea) 

c. l-C'y<'lotiexyl>3-(1-difnethylaminopropyl)carbodiimide (^) : 

To vigorously stirred (23) (0.243 g, 20 mmol) in dry CH 2 CI 2 (30 ml) 
WdS .idded yellow Hgt'' (10.8 g, 50 mmol). The reaction mixture was left stirred 
lor 20 h, utlrmxed with another portion of yellow HgO (2.12 g, 10 mmol) and 
left stirred for vulditional 5 h. The reaction mixture was filtered and evaporated 
to givt‘ 1.6( g (76%) of (_24) as a thick syrup. (lit. ^*). 

anal s Calcd, for Cj 2 H 23 N 3 (Mol.wt. 209) 

C, 68.82 ; H, 11.08 ; N, 20.08% 

Found : C, 68.76 ; H, 10.96 ; N, 19.96% 

ir j V (neat) cm' t 2160 (carbodiimide) 

max 

d, l-CyrlohFxyl-3--(3-dimcthylaminopropyl)carbodiimide metho-p-toluene- 
sulpftonate (22) 5 

A mixture of methyl-p-toluenesulphonate^*(2.0 g, 11 mmol) and 
(24) (2.2^t g, 11 mmol) in dry ether (40 ml) was left stirred for 24 h, filtered 

and dried to give 2.5 g (60%) of (22), mp. 157-8°C. (lit. mp. 164.4-165.4 C). 

ir i V (KBr) erh'^ ! 2140 (carbodimide) 

max 



174 


nrnr : 5 (I^^O) : 1.4 (br, I2H, (CH2)^-CH2-CJH2-CH2), 2.3 (s, 3H, CH^), 

(br, 14H, -C_H2. NCH2and =N-C_H), 7.4 (d, d, 4H, 

,l( (Utl.l Ilf). 

^ ^ ^ ' . !_1 11 Y l- 3"(3-dicthylaminopropYl)carbodiinnide - etho-p-toluenesulphonate 
(2 5) : 

a. I ■C*vrlolu*xyl-3-(3-diethylaminopropyl)thiourea (26) : 

T« .1 stirred and ice cooled solution of cyclohexyl isothiocyanate 
(2.S2 g, 20 (itni(d) in dry ether was added, in drops a solution of N,N-diethylamino- 
pro()yUirTnne (2.6 g, 20 rnrnol) in dry ether (15 ml). The reaction mixture was 
left stirred fur 2 ti, filtered and dried to give 4.8 g (88%) of { 7 ^, mp. 74‘’C. 
(lit.^^ rnp. ?6-7rt:). 


anal j Caled. fur Cj^^H2^N2S(Mol.wt. 271) 

C, 61.99 ; H, 10.70 ; N, 15.49% 
bound : C, 61.76 ; H, 9.86 ; N, 15.12% 


nrnr :a(C!!X:i^a 9 (t, 6H, N-(CH2CJi3)2> 2.5 (m, 6H, Ji2C-N-(CH2CH 3)2), 3.5 (m, 3 H 
rns s rn/z: 27 1 (MH^^ 199 (M+H-NHEt2) • 


b. !-Cy<:lohexyl-3-(3~di^thylaminopropyl)carbodumide (27) : 

To u vigorously stirred mixture of (26) (5.42 g, 40 mmol) in dry 
CH2CI2 (60 rnl) was added yellow HgO (21.6 g, 100 mmol). The reaction mixture 
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was Icit stirred for 20 h admixed with another portion of yellow HgO (4.24g, 
20 nirnol) l(‘lt Mirrod for 5 h, filtered and evaporated to give 3.8 g (80%) of 
(27) as a thick synip.^^ 

if ■ (carbodiimide) 

nnnr : 6(CDCl2) : 1.0 (t, 6H, N-(CH2CH3)2), 2.5 (m, 6H, _H2C-N-(CH2CH2)2)> 

3.25 (t, 2H, -jl2C~N= ), 3.5 (br, 1H,=N-CH). 

ms ; 256 (M H’'+H20), 183 (M H%H20-Et2NH). 

c. l-Cyclohcxyl-3-(3“diethylaminopropyl)carbodiimide etho-p-toluenesulphonate (25) : 

A mixture of Ethyl-p-toluenesulphonate (1.0 g, 5 mmol) and (27) 
(1.185 g, 5 mmol) in dry ether (25 ml) was left stirred for 24 h, filtered and 
dried to give 1.18 g (54%) of (25), mp. 148-50®C. 

ir { (KBr) cm”^ : 2145 (carbodiimide) 

max 

XXn, The Preparation of Phthaloyl Gly-Gly-OMe (28) ; 
a. Phthaloyl-Gly *. 

A mixture of Glycine (7.5 g, lOOmnnd) and finely ground Phthalic 
anhydride (14.9 g, 100 mmol) was held at 150oC for 0.5 h. The reaction mixture 
was cooled and crystallized from methanol-water (1:1) to give 17.1 g (83 ^) 

53 o 

of Phthaloyl Gly, mp. 193“C. (lit. mp.I92) . 

nmr : «(CDC1,) : 4.5 (s, 2H, CH^), 2.9 (br, 2H, NH^), 7.8 (d, d, 4H, 

aromatic). 
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b. CUy-OMt' : 

To an ice-cooled and stirred suspension of Gly-OMeHCl (0.625 g, 
5 tntr.ol) in dry CH2CI2 (25 ml) was added, in drops, NEt3 (0.85 ml, 6 mmol). 
The reaction mixture was left aside for 0.5 h, poured on to water, the organic 
layer dried and evaporated to give 0.340 g (76%) of Gly-OMe which was used 
without delay. 

c. Plithaloyl -Gly-Gly-OMe (28) : 

A mixture of Phthaloyl Gly (0.615 g, 3 mmol) Gly-OMe ( 0.265 g, 
3 mmol), the water soluble carbodiimide (25) (1.311 g, 3 mmol) and H 2 O (20 ml) 
was left stirred for 6 h, filtered and crystallized from EtOAc-hexane to give 
0.58 g (83%) of (28), mp. 1940 c. 

ir I V (KBr)cm‘' : 1770, 1660 (Phth), 1735 (Ester). 

iT la X 

nmr s ^(CDCl^) : 3.7 (s, 3H, COOCH.3), 4.0 (d, 2H, NH-CH.2COOCH3), 

4.4 (s, 2H, NCJI2-COOCH3), 6.4 (br, IH, NH), 7.7 (m, 4H, aromatic). 

ms i rn/z : 276 (M"'"). 

XXIII. The Preparation of Phthaloyl-Phe-Leu-OMe (29) : 
a. Phthaloyl-L-Phcnylalanine ; 

A mixture of L-phenylalanine (4.95 g, 30 mmol) and phthalic anhydride 
(4.47 g, 30 mmol) was held at 150°C for 0.5 h. The reaction mixture was cooled 
and crystallized from methanol-water (1:1) to give 7.2 g (86%) of Phthaloyl-Phe, 
mp. 184»C.(lit. mp. 185“), 

ir ; V (KBr) cm*"‘! 1740 (COOH), 1660 (Phth). 

' max ' ■ 



nrrir 


^ (CJ’XJ^) . 3.5 2H, 5.0 (m, IH, tert. proton), 7.1 

(si ■»}, Ph), 7.7 (s, Phth). 

b. Leu-OMo : 

To an ice-cooled and stirred suspension of Leu-OMe.HCl (1.086 g, 
6 mmol) in dry CH2CI2 (30 ml), was added, in drops, NEt^ (1.03 ml, 7.2 mmol), 
tlK‘ mixtutc left aside for 0.5 h, poured on to water, the organic layer separated, 
diied and evaporated to give 0.^00 g (50%) of Leu-OMe which was used without 
delay. 

c. Phthaloyl-Phe-Leu-OMe (^) ; 

A mixture of Phthaloyl-Phe (0.59 g, 2 mmol), Leu-OMe (0.290 g, 

2 mrnol), water soluble carbodiimide (25) (0.874 g, 2 mmol) and H^O (15 ml) 
was left stirred for 6 h, filtered and crystallized from EtOAc-hexane to give 
0.37 g (46%) of m), mp. 1 12-1 15^0. 

ir t V (KBr) cm"' : 1780, 1660 (Phth), 1740 (Ester). 

max 

nmr s 6(CDClj) s 1.0 (d, 6H, -CH-( 01^2)2)) 1*65 (m, 3H, CHCH2QIlMe2), 
3.6 (d, 2H, Cil2Ph), 3.7 (s, 3H, COO^), 4.6 (m, IH, CONH-CH-), 
5.2 (t, IH, N-CH-CH2), 6.7 (m, IH, NH), 7.15 (s, 5H, Ph), 7.7 (s, 4H, 
Phth). 

XXJV, The Preparation of Amino Acid Esters ; 

a. Glycine Methyl Ester HCl (Gly-OMe.HCi) : 

Dry HCl was passed through a solution of Glycine (10 g, 130 mmol) 
in absolute methanol (150 ml) for 0.5 h, concentrated to 20-30 ml and crystallized 
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frorti dry rnethanol-ether to give ll.n g (68%) of Gly-OMe.HCl, mp. 17«“C. 

(lit. mp- 175)* 

* 2980 (br, salt), 1740 (ester), 1565 (amide). 

b. L-Leucine Methyl Ester HCl (Leu-OMe.HCl) : 

Dry HCl was passed through a stirred suspension of Leucine (5g, 
LH rnrnol) in <lry rtiethanol (30 ml) for 2 h. The resulting clear solution was evapo- 
ra ted Jry Viic iip , the residue dissolved in minimum amount of dry methanol, admixed 
with dry ether, refrigerated overnight, filtered and dried in vacuo to give 5.0 g 
(71%) of Lcu-OMe.HCI. mp. 1^6‘'C(Iit.^^mp. 15 PC). 

ir ! ■■ salt), 1730 (ester). 

rna x 

nmr : ^(n^O) ; 1,0 (d, 6H, -CH(CH2)2), 1*5 (br, IH, G_H-(CH2)2), 1-7 

(br, 2H, CH-CJH2-CH), 3.8 (s, 3H, COOCH3), ^.2 (q, IH, CH-CH2). 

c. Phenylalanine Methyl Ester Hydrochloride (Phe-OMe.HCl) : 

Thionyl chloride {k.9 ml, 67 mmol), in drops, followed by L-Phenyl- 
alanine (9 g, 54.5 mmol) was added to stirred and ice-cooled dry methanol (45 ml). 
The* mixture was allowed to attain rt, refluxed for 2 h, the clear solution evapo- 
rated and the residue on crystallization from dry methanol - dry ether gave 
10.5 g (89%) of Phe-OMe.HCl as white needles, mp. 161 “C. (lit.^^mp. 160°C). 

ir : V (KBr) cm”’ .* 3320 (salt), 1750 (ester). 

max 

d. Phe-OMe 1 : 

Under conditions described in EXPERIMENT XXII b, Phe-OMe.HCl (2.1 5g, 
10 n,,,,,.!) pnd NEt, (1.8 ml, 13 mmol) gave 0.% g (54%) of Phe-OMe as on 

oil, which was used without delay. 
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e. Proline-Methyl Ester HCl (Pro-OMe.HCl) : 

Dry HCl was passed through a stirred solution of Proline (5.75 g, 
50 mmol) in dry methanol (60 ml) for 6 h. The resulting clear solution was evapo- 
rated _in vaoJOj the residue allowed to stand in a desiccator over P 2 DJ and NaOH 
overnight to give 5.18 g (6396) of Pro-OMe.HCl as thick syrup?^ 

ir 5 '735 (ester). 

f. Pru-OMe t 


Under conditions described in EXPERIMENT XXlI.b, Pro-OMe.HCl 
(1.65 g, 10 mmol) and NEt^ (1.8 ml, 13 mmol) gave 0.918 g (69%) of Pro-OMe 
as an oil, which was used without delay. 

g. L-Glutamic acid - Dimethyl Ester HCl (Glu-( y -OMe)-OMe)HCl ; 

Dry HCl was passed through a refluxing solution of L-Glutamic acid 
(5 g, 3^ mmol) in dry methanol (75 ml) for 3 h, concentrated to 20-30 ml, tritu- 
rated with dry ether (50 ml x 3), filtered and crystallized from dry methanol 

59 

ether to give g (61%) of Glu( y -OMe).HCl, mp. 1U°C. (lit. mp. 116°C). 
ir ! V (KBr) cm"'s 3000 (br, salt), 1750 (ester). 



h. Glu l^kWlc ; 


Ihulcr (X)nclitions described in EXPERIMENT XXTI b, Glu-DiOMe.HCl 
(0.424 g, 2 tmnol) and NEt^ (0.28 ml, 2 mmol) gave 0.27 g (77%) of Gludi-OMe 
a.s thick .syrup, which was used without delay. 

i. Glutanuc Acid-y -Methyl Ester ; G1 u(y -OMe)-OH : 

I luonylchloride (7.2 ml, 100 mmol) was added, in drops, to stirred 
and ice-coolcd dry MeOH (120 ml) followed by, in small lots. Glutamic acid 
(14.7 g, 100 rnmol). The reaction mixture was allowed to attain rt, left stirred 
for (),’> h, cooled to 5*0, admixed with, in drops, NEt^ (35 ml, 250 mmol), 
filtered and crystallized from MeOH-H20 (80:20) to give 13.0 g (80%), mp. 176°C. 
(Iit.^°mp.l75« ). 

ir s (KBr) cm"* : 1745 (ester), 1720 (acid), 

max 

ms ! m/z i 162 (M+l)"'’. 

XXV. The Preparation of N-Benzoyl Amino Acids i 
a. N-lk'nzoyl -Glycine (BzGly) : 

Benzoyl chloride (5.8 ml, 50 mmol) and 4N-NaOH (15 ml) was simulta- 
neously added to on ice-cooled and stirred suspension of Glycine (3.75 g, 50 
mmol) in 4N-NaOH (12.5 ml). The addition was controlled to keep the medium 
bo.sic throughout. After 0.5 h of additional stirring the reaction mixture was 
extracted with ether, adjusted to pH 3, filtered and crystallized from EtOAc- 
hexane to give 6.93 g (77%) of BzGly, mp. 187-188 C. (lit. mp. 189). 

ir . V (KBr) cm"* J 3400 (NH), 1730 (COGH), 1610, 1510 (amide). 



b. N-"B<'ii/.oyl~L(nic:ino s (BzLeu-OH) : 


(i) Cydohexylamine salt of BzLeu-OH : 

Benzoyl chloride (5.8 ml, 50 mmol) and 2N-NaOH (25 ml) was simultane- 
ously added to an ice-cooled and stirred suspension of L-Leucine (6.55 g, 50 
mmol) in 2N-NaOH (25 ml). The addition of alkali was controlled to keep medium 
basic throughout. After 0.5 h of additional stirring, the reaction mixture was 
extt.K'lt'tl with etlier, adjusted to pH 3, extracted with ether, dried, admixed 
with f yc loht'xy la mine (10 ml), evaporated and the residue on crystallization 
from MeOH-Et^O gave 9.1 1 g (54%) of the salt, mp. 156°C. 

(ii) BzLeu-OH ; 

A suspension of the cydohexylamine salt of Bz-Leu-OH (6.15 g, 18.4 mmol) 
in EtOAc (50 ml) was admixed with 2N-HC1 (50 ml), shaken, layers separated, 
the aqueous portion extracted with EtOAc, the combined extracts dried, solvents 
evaporated jjt vacuo and the residue on crystallization from EtOAc -hexane gave 
3.18 g (73%) of BzLeu-OH, mp. 104°C. (lit.^^p. 102°C). 

ir s V (KBr) cm“' : 3290 (-NH), 1720 (acid), 1 630, 1520 (amide), 

max 

nmr t 6(00013) ; 1.0 (d, 6H, CH(Cii3)2), 1-6 (br, IH, C_H(CH3)2), 1.8 (br, 

i 

2H, CH-CJH2), 4.8 (br, t, IH, tert.proton), 6.9 (br, d, IH, NH), 
7.6 (m, 5H, aromatic). 

XXVI. T he Preparation of N-Benzoyl -g-Amino Acid Methyl Esters ; 

aJN-Benzoyl Glycine Methyl Ester (BzGly-OMe) ; 

fk*nzoyl chloride (0,23 ml, 2.3 mmol) was added, in drops, to an ice-cooled 
and stirred solution of Gly-OMe.HCl (0.251 g, 2 mmol) in saturated NaHC03 
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( 2 .} rnl), k( c. pinj^ the medium basic throughout. The reaction mixture was left 
.stirred for 2 h. extracted with ether, adjusted to pH 3, extracted with EtOAc (3 x 
2^ ...1), dri<-<l u.ul evaporated to give 0.176 g (91%) of BzGIy-OMe, mp.84-3°C. 

(-NH), 1735 (ester), 1630, 1555 (amide). 

nmr s 6(CDC1^) : 3.7 (s, 3H, COOCH^)^ ^^.2 (d, 2H, NHCH 2 ), 7.0 (br, IH, 
NH), 7.6 (m, 5H, aromatic). 

bM43enzoyl leucine Methyl Ester (BzLeu-OMe) : 

Ben/.oyl chloride (1.46 g, 10.25 mmol) was added, in drops, to an 

ice-cooled and stirred solution of Leu-OMe.HCl (1.5 g, 8.25 mmol) in saturated 

NaHCOj ( — 75 ml), keeping the medium basic throughout. The mixture was left 

stirred vigorously for 3 h, extracted with ether, dried, evaporated and the residue 

on crystalliEation from benzene-hexane gave 1.28 g (62%) of BzLeu-OMe, mp.l03°C. 
63 

(lit. mp. I04‘*C). 

ir ! V (KBr) cm"' ; 3320 (NH), 1760 (ester), 1650, 1550 (amide). 

max 

c. N-Benzoyl Proline Methyl Ester (BzPro-OMe) : 

Benzoyl chloride (4.2 ml, 36 mmol) was added, in drops, to an ice- 
cooled and stirred solution of Pro-OMe.HCl (4.96 g, 30 mmol) in saturated NaHCO^ 
(300 rnl), keeping the medium basic throughout. The mixture was left stirred 
for 10 h, extracted with EtOAc (3 x 50 ml), dried, evaporated and the residue 
on crystallization from benzene-hexane to give 3.87 g (56%) of BzPro-OMe, 
mp. 89«C. (lit. rnp. 89-90®). 

ir , V, (KBr) cm'' ; 3450 (NH), 1735 (ester), 1620 (amide). 

■ . . max 



nmr s t'i (COCl^) : 1,9 - 2.4 (m, W, ( 0112 ) 2 ), N-CH 2 ), 3.9 (s, 3H, 

^*7 (m, IH, tert.proton), 7.5 (br, 5H, aromatic). 

d. N-i\enzoyl Glutamic Acid Di-Methyl Ester (BzGlu-diOMe) : 

B'^nzoyl chloride ( 0 J 2 ml, 1.15 mmol) was added to an ice-cooled 
and stirred solution of Glu-diOMe.HCl (0.212 g, 1 mmol) in saturated NaHC 03 
(15 ml), keeping the medium basic throughout. The mixture was left stirred 
for 9 I), extracted with EtOAc (3 x 25 ml), dried, evaporated and the residue 
on rrystullization from EtOAc-hexane to give 0.170 g (60%) of BzGlu-diOMe, 
rnp. 79-Sl«C. (lit.^^mp.83®). 

ir s (-NH), 1750 (ester), 1645, 1550 (amide). 

nmr s ^(CDCl^) : 2.2 - 2.7 (m, 4H, CJH 2 “Qil 2 ^» 3H, y -COOCJH^), 

3.75 (s, 3H, a-COOCH^), 4.8 (m, IH, tert.proton), 7.0 (br, IH, NH), 
7.6 (m, 5H, aromatic). 

XXVfl. The Preparation of Selectively C-Protected Glutamic Acids : 

aJM-Benzoyl Glutamic Acid- a -Methyl Ester (Bz-Glu( a -OMe)-OH : 

A solution of Bz-Pro-OMe (2.796 g, 12 mmol) in CGl^ (40 ml) was 
admixed with CH^CN j H 2 O (1:3, 160 ml), followed by NalO^ (46 g, 215 mmol). 
The mixture was shaken mechanically for 1 h, treated with RUCI 3 . 3 H 2 O (0.090 g, 
2.2 mol%), left shaken for 24 h, filtered, the residue washed with CCl^, layers 
separated, aqueous layer extracted with EtOAc (3 x 100 ml), the organic extracts 
combined, dried and evaporated. The resulting residue was stirred with saturated 
NaHCOj (90 ml) for 2 h, extracted with EtOAc (3 x 100 ml) to recover 1.7 g 
of the neutral starting material and 0.712 g (61%) of Bz-pyro-glutamate, mp. 
i54*C . The aqueous layer was adjusted to pH 3, saturated with NaCi, extracted 
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with EtOAc (3 k .50 ml), dried and evaporated to give 0.309 g (25%) of BzGiu- 
(a -OMtO- 01 1, ,is a thick syrup. 

* • 3300 (NH), 1740 (ester), 1620, 1520 (amide)., 

• ^(GDCl^) : 1.92 - 2.9 (m, 4H, CH 2 “^Ji 2 )> 3.75 (s, 3H,a -COOCH^)’ 

4.8 (br, IH, tert.proton), 7.3 - 7.9 (m, 5 H, aromatic), 9.6 (br, 2 H, 

NH, COOH). 

b. N-Bt'n/oyl Glutamic Ac:id-Y -Methyl Ester (B 2 Glu( Y -OMe)-OH) : 

Bcn/.oyl <'tiloride (2.25 ml, 19.2 mmol) was added, in drops to an 
icc-cooled and stirred solution of Glu( Y-OMe)-OH (2.64 g, 16.48 mmol) in saturated 
NaHCX5^( -'17 5 rnl), keeping the medium basic. The reaction mixture was left 
stirred for 3 h, adjusted to pH 3, cooled, saturated with NaCl, extracted with 
EtOAc (3 X 50 rnl), dried, evaporated and the residue on crystallization from 
acetone-hexane gave 3.04 g (70%) of BzGlu(Y-OMe)-OH, mp. 104-6C. (lit.^^mp. 107°C.). 

ir s rv,.,„(KBr) cm"* ; 3340 (NH), 1740 (ester), 1330 (br, ester+acid), 

riiaX . *,.v.v 

16 50, 1640 (amide). 

nmr ; 6 (CDCI 3 ) s 2.1 - 2.7 (br, 4H, CJl 2 -CJi 2 ), 3.6 (s, 3H, COOCJi 3 ), 

4.8 (br, IH, tert.proton), 7.3 - 7.9 (m, 5H, aromatic), 8.0 (br, IH, 

. NH), 9.7 (br, IH, COOH). 

XXVffl. The Preparation of Authentic Dipeptides ; 

a. N-Benzoyl-Leu cy 1-Leucine-Methyl Ester ; Bz-Leu-Leu-OMe (30) : 

1 -Hydroxy benzotriazole(H0Bt)(0.270 g, 2 mmol), followed by a solution 
of DCC (0.412 g, 2 mmol) in CH 2 CI 2 (5 ml) was added to a stirred solution of 
BzLeu (0.470 g, 2 mmol) in dry CH 2 CI 2 00 ml). A solution of Leu-OiVte - freshly 
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pret>.'ir<'cl by dropwisc addition of NEt3 (0.28 ml, 2 mmol) to an ice-cooled and 
surred solution of Leu-OMe.HCl (0.36^ g, 2 mmol) in dry CH2CI2 (10 ml) and 
l(\)ving asick' (01 0.1) It - vvas then added. The mixture was left stirred overnight, 
filtered, washed with CH2CI2, the filtrate and washings evaporated, the residue 
dissolved in EtOAc, washed with 2N-HC1 (2 x 25 ml), satd. NaHC03 (2 x 25 
ml), satd. NaCl, dried, evaporated and chromatographed on silica gel. Elution 
with benzene ; FtOAc (70:30) gave 0.280 g (39%) of (30), mp. 200°C. 

amil : Clalcd. for C2 qH 3 qN 20^ (Mol.wt. 362) 

C, 66.29; H, 8.28; N, 7.73% 

Found : C, 66.58; H, 8.80; N, 7.70% 

ir s 9f^,y^(KBr) cm"' : 3320, 3260 (NH), 17^0 (ester), 1620, 1520 (amide). 

nmr : 6(CDCl3) : 0,9 (d, d, I2H, CH(Cil3)2)2. 1-7 (m, 6H, (032-011^^2)2 » 

3,75 (s, 3H, COOCH3), 4.7 (m, 2H, tert.protons), 6.75 (br, 2H, 2 x NH), 
7,6 (m, 5H, aromatic). 

ms : m/z : 363(MH^ 362 (M^), 306 (M^-(isobutylene)), 218 (M -NH CH(E)- 

C:H2ipr), 190 (BzNHCHCH2ipr)^, 

b. N-Benzoyl-Leuc yl-Glutamic Acid Di-Methyl Ester : BzLeu-Glu( Y-OMe)-OMe (2L ) : 

1 "Hydroxybenzotriazole (HOBt) (0.270 g, 2 mmol), followed .by DCC 
(0.412 g, 2 mmol) was added to a stirred solution of BzLeu (0.470 g, 2 mmol) 
in dry CH2CI2 (10 ml). A solution of Glu-OiOMe - freshly prepared by drop wise 
addition of NFit3 (0.28 ml, 2 mmol) to an ice-cooled and stirred solution of 
Glu-diOMe.HCl (0.424 g, 2 mmol) in dry CH2Cl2(10 ml) and leaving aside for 
0.5 h - was then added, the mixture left stirred overnight at rt, filtered, washed 
with CH2CI2, the filtrate and washings evaporated, the residue dissolved in 
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w.-,sIh..I „i,h 2N-HC1 (2 X 23 ml), satd. NaHCO,, satd. NaCl, dried, ' 
( v.ipor.) t( tl ,iiui tiu' residue on crystallization from benzene-hexane gave 0.376 g 
(48%) of ( if), ritp. I 19-I20“C. 

anal : Calcd. for C2QH2gN20g (Mol.wt 392) 

C, 61.22; H, 7.14; N, 7.14% 

Found : C, 61.71; H, 6.80; N, 7.54% 

* 3250 (NH), 1735 (ester), '1625, 1525 (amide). 

® (C.DCl^) s 1,0 (d, 6H, CH-J^2 )j 1*6 - 2.5 (m, 7H, methylenes, CH-Me2)> 
3.58, 3,7 (s, s, 3H, a -COOMe), 3.6 (s, 3H, Y -COOCli^), 4-5 (m, 2H, 
tert. protons), 6.7 - 7.9 (m, 7H, aromatic, 2 x NH). 

ms : m/z : 392 (M^), 336 (M H'^-(isobutylene)), 218 (M^-NH-CH(E)CH2CH2(E)), 

190 (BzNHCHCH2ipr). 

c* N-Benzoyl-Y -Mothyl-L -Glutamyl-Leucine-Methyl Ester : (BzGlu( Y-OMe)-Leu- 
OMe (32) ; 

I “Hydroxybenzotriazole (HOBt) (0.135 g, 1 mmol) followed by a 
.solution of DCC (0.206 g, 1 mmol) in dry CH2Ci2 (5 ml) was added to a stirred 
solution of (teGlu( Y -OMe)-OH (0.265 g, 1 mmol) in dry CH2CI2 (5 ml). A solution 
of Leu-OMe - freshly prepared by dropwise addition of NEt^ (0.14 ml, 1 mmol) 
to an ice-cooled and stirred solution of Leu-OMe.HCl (0.182 g, 1 mmol) in dry 
CH2CI2 (5 ml) and leaving aside for 0.25 h - was then added. The mixture was 
left stirred for 24 h, filtered, washed with EtGAc, evaporated, the residue dissol- 
ved in EtO Ac, washed with 2N.HC1 (25 ml), satd. NaHC03 (25 ml), water (20 ml), 
dried and evaporated to give 0,177 g (45%) of (_32), as a thick syrup. 

anal s Calcd, for C2gH2gN20g(Mol.wt. 392). 
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C, 61.2; H, 7.11; N, 7.11% 

Found : C, 61.05; H, 7.65; N, 7.47% 

ir : = 3280 (NH), 1730 (ester), 1520, 1640 (amide). 

nmr : 6(00013) : 0.9 (d, 6H, CHj^p, I.4 (m, IH, CJi-(CH3)2), 1.6 (m, 2H, 

Qi2‘^HMe2), 2.2 - 2.9 (m, .4H, CH-C_H2-CH2COOMe), 3.65 (s, 3H, 
“COOC|j[3 ), 3F1j 0^-00001-13), 4.7 (m, 2H, tert.protons), 

7,1 - 7.8 (m, 7H, 2 x NH + aromatic). 

ms I m/z J 393(MH^\ 248 (M‘*'-NHCH(E)CH2ipr), 220 (BzNHCHCH2CH2E)'^. 

d. N-lH*nzoyl- Y -Methyl -Glutamyl-Glutamic Acid-Di-Methyl Ester : BzGlu( Y-OMe)- 
Glu{Y -OMe)-OMe (33) ; 

1-Hydroxybenzotriazole (HOBt) (0.135 g, 1 mmol) followed by a 
solution of lYCX; (0.206 g, I mmol) in dry CH2CI2 (5 ml) was added to a stirred 
solution of Bz-Glu(Y-OMe)-OH (0.265 g, 1 mmol) in dry CH2CI2 (5 ml). A solution 
of Glu( Y-OMe)-OMe - freshly prepared by dropwise addition of NEt3 (0.14 ml, 

I mrnol) to an ice-cooled and stirred solution of Glu - diOMe.HCl (0.212 g, 1 
mmol) in dry CH2CI2 (5 ml) and leaving aside for 0.5 h - was then added. The 
mixture was left stirred overnight, filtered, washed with CH2CI2, evaporated, 
dissolved irv EtOAc, washed with 2N-HC1 (20 ml), satd. NaHCO3(20 ml), water 
(20 ml), dried, evaporated and the residue on crystallization from EtOAc -hexane 

gave 0.290 g (68%) of (33), mp. ]19-120“C. 

anal t Calcd. for 020^26^2^3 (Mol.wt.422). 

C, 56,87; H, 6.16; N, 6.63% 

Found s C, 56.30; H, 6.66; N, 7.10% 

ir . V (KBr) cm"’ : 3280, 3215 (-NH), 1740, 1730 (ester), 1620, 1520 (amide). 

„ max 
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(S((.nt.l^) ; 2.0-2.7 (m, 8H, methylenes), 3.6, 3.65 (s, s, 3H, 3H, 
2 X Y -C.00CH1_^), 3.7 (s, 3H, a -COOCH_^), 4.7 (m, 2H, tert.protons), 
7.9 (rn, 5H, aromatic). 

! m/z : 423 220 (B2NHCHCH2CH2COOMe)'^, 174 (NHCH(E)- 

CH2CH2(e)). 

7\cicl Di-meth yl Ester : BzGlu( a -OMe)- 

Glu(Y-OMf)-OMc (J4) ; 

!"Hydroxybenzotriazole (HOBt) (0.034 g, 0.25 mmol), followed by a solu 
tion of DC.C, (0.050 g, 0.25 mmol) in dry CH 2 CI 2 (2 ml) was added to a stirred 
solution of BzGlu(n(-OMe)-OH (0,066 g, 0.25 mmol) in dry CH 2 CI 2 (2 ml). A 
solution of Ci!u(y -OMe)-OMe - freshly prepared by dropwise addition of NEt^ 
(0.050 ml, 0.375 mmol) to an ice-cooled and stirred solution of G1u(y -OMe)-OMe. 
HCi (0.053 g, 0.25 mmol) in dry CH 2 CI 2 (5 ml) and leaving aside for 0.25 h - 
was then added. The mixture was left stirred overnight, filtered, washed with 
CH 2 CI 2 , th? combined filtrates evaporated, the residue dissolved in EtOAc, 
washed with 2N-HC1 (10 ml), lM-Na 2 C 03 (10 ml), water (10 ml), dried and evapo- 
rated to give 0.048 g (45%) of (^), as a sticky solid. 

ir s V (neat) cm"' : 3290 (-NH), 1750 (ester), 1550, 1645 (amide), 

max 

nrnr : ^(CDClj) t 1.9-2.7 (m, 8H, methylenes), 3.6 (s, 3H, Y-COOCH_ 3 ), 

3.62 (s, 3H,a-COOCJH3), 3.7 (s, 3H,a-COOC_H3), 4.7 (m, 2H, 
tert.protons), 7.32-7.9 (m, 7H, aromatic + 2 x NH). 

, m/z t 363 (M^-COOMe), 220 (CH 2 CH 2 CHG 0 CgH 3 NHC 02 Me)% 

174 (NH-CHC02Me-CH2CH2C02Me)'". 


ms 
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f . N - lU‘i V oy 1 - Y - M c thy l-L-Glutamyl-Glycine-Methyl Ester : BzGlu(Y -QMe)-Gly- 
t We ( V)) : 

1 “Hydroxybenzotriazole (HOBt) (0.135 g, 1 mmol), followed by a solu- 
tion ot DCX. (0.2069, I mmol) in CH 2 CI 2 (5 ml) was added to a stirred solution 
of BzCilu (Y“OMt’-OH) (0.265 g, 1 mmol) in dry CH 2 CI 2 (5 ml). A solution of 
Gly-OMc - freshly prepared by dropwise addition of NEt^ (0.14 ml, 1 mmol) 
to .it^ ioe-rooled and stirred solution of Gly-OMe.HCl (0.125 g, 1 mmol) in dry CH 2 - 
nficl leaving aside for 0.5 h - was then added. The mixture was left 
stirred for 24 h, filtered, washed with CH 2 CI 2 J evaporated, the residue dissolved 
in EtOAc . washed with 2N.HC1 (25 ml), satd. NaHCO^ (25 ml), satd. NaCl, dried 
and evuporatt'd to give 0,114 g (34%) of (35), as a thick syrup. 

Calcd. for C|^H 2 qN 20 ^ (Mol.wt. 336). 

C, 57.14; H, 5.95; N, 8 . 33% 

Found ; C, 57.62; H, 6.02; N, 7.88% 

V (neat) cm“* : 3340, 3280 (-NH), 1750 (ester), 1650, 1540 (amide). 

max 

6 (CDClj) : 2.1-2.8 (m, 4H, methylenes), 3.6 (s, 3H, Y-COOCH^), 
3.7 (s, 3H, a -C 000113 ), 4.0 (d, 2H, NH-Cii 2 -COOMe), 4.8 (m, IH, 
tert. proton), 7. 2-7.9 (m, 7H, aromatic + 2 x NH). 

rri/z 1 248 (M^-NHCH 2 COOMe), 220 (BzNHCHCH2CH2C02Me). 

g. N-Benzoyl-a -Methyl- L -Glutamyl-Glycine Methyl Ester ; BzGlu(a-OMe)-Gly - 
OMe ( 36) { 

l-Hydroxybenzotriazole (HOBt) (0.0675 g, 0.5 mmol), followed by a 
solution cl DCC (0.103 g, 0.5 mmol) in dry CH^Cl^ (2 ml) was added to a stirred 
solution of l}itGlu( a-OMe)-OH (0.1325 g, 0.5 mmol) in dry CH^Cl^ (5 ml). 


anal 

ir 

nmr 



A solution of Gly-OMe - freshly prepared by dropwise addition of NEt^ (0.1 
ml), 0.7 '> mmol) to an ice-cooled and stirred solution of Gly-OMe.HCl (0,063 
0. ) mmol) in dry CH2CI2 (5 ml) and leaving aside for 0.3 h - was then added. 
The mixture was left stirred overnight, filtered, washed with CH2CI2, the filtrate 
and washings evaporated, the residue dissolved in EtOAc, washed with 2N-HC1 
(10 ml), satd. NaHCO^ (10 ml), water (10 ml), dried and evaporated to give 
0.0X6 g (52%) of (,36), mp. 10 PC. 

ir ! v^^^^^^(KBr) cm"' ; 3320 (-NH), 17if0 (ester), 16^0, 15^0 (amide). 

nmr : 6(CnCl2) ; 1,9-2. 5 (m,4H, methylenes), 3.65 (s, 3H,ot -COOMe), 

3.7 (d, 2H, NHCJi2-COOMe), 3.8 (s, 3H,a -COOCJi3), 4.6 (m, IH, 
tert.proton), 7. 3-7.8 (m, 5H, aromatic). 

ms ! m/E ! 143 (M BzNHCH 2 COOMe)'". 

h, N-BenzoylGlycyl-Glycine-Methyl Ester (BzGly-Gly-OMe) ( 37 ) ; 

1 -Hydroxybenzotriazole (HOBt) (0,270 g, 2 mmol), foil wed by a solu- 
tion of DCC (0.412 g, 2 mmol) in dry CH2CI2 (5 ml) was added to a stirred 
solution of B/.Gly (0.358 g, 2 mmol) in dry CH2CI25 DMF (10:1, 11 ml). A solution 
of Gly-OMe - freshly prepared by dropwsie addition of NEt^ (0.28 ml, 2 mmol) 
to an k;e<'Ot>lcd and stirred solution of Gly-OMe.HCl (0.251 g, 2 mmol) and 
leaving aside for 0.5 h - was then added. The mixture was left stirred overnight, 
filtered, washed with CH2CI2 - the combined filtrates evaporated, dissolved 
in UtOAc;, washed with ZN-HCl (2 x 25 ml), satd. NaHC03 (2 x 25 ml), satd. 
NaCl solution, dried, evaporated and residue on crystallization from benzene 

gave 0.280 g (56%) of (^7), mp. 111-II2®C. 

Calcd, for C,2H,^N20^(Mol.wt. 250) 

C, 57.6, H, 5.6, N, 11.2% 


anal 
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I'cHHui ; c, ^7.82; Hj 5.90; N, 1 1.61% 

* * 3290 (NH), 1730 (ester), 15^0, 16^0 (amide). 

nmr : Mmcl,) : 3.7 (s, 3H, COjCHj), 4.2 (d, d, 4H, CH.2-CH2), 7.3 

-7.9 (m, 5H, aromatic). 

rn-’^ s m/2 s 162 (BzNHCH^CO)^, 134 (BzNHCHJ^. 

i. N-Ben/oyl -Cl lyryl-Ci lutamic Acid DiMethyl Ester : BzGly-Glu(Y-OMe)-OMe (38) t 

l-Hydroxybenzotriazole (HOBt) (0.270 g, 2 mmol) followed by a solu- 
tion of !'>(,, i, (0.412 g, 2 rnniol) in dry CH2CI2 (3 ml) was added to a stirred 
solution of B/Cily (0.358 g, 2 mmol) in dry CH2CI2 : DMF (10:1, 11 ml). A solution 
of Cilu{Y-OMC‘)-OMe - freshly prepared by dropwsie addition of NEt^ (0.28 ml, 

2 mmol) to un ire-cooled and stirred solution of G1 u(y -OM e)-OMe.HCl (0.424 g, 

2 mmol) in (1112^12 (10 ml) and leaving aside for 0.25 h - was then added. The 
mixture was left stirred for 12 h at rt, filtered, washed with EtOAc, the combined 
filtrates evaporated, dissolved in EtOAc, filtered, washed with 2NHC1 (2 x 25 ml), 
satd. NaHCC5^ (2 x 25 ml), water, dried, evaporated and the residue on crystalli- 
zation from benzene gave 0,421 g (62%) of (38), mp. 107°C. 

ir I V (KBr) cm"' ; 3280 (NH), 1740 (ester), 1660, 1630, 1540 (amide). 

_ ma X 

nmr s 6(C'1DC1^) » 1. 9-2,6 (m, 4H, 3.6 (s, 3H, 

Y -0000^3), 3.7 (s, 3H,a-COOCH3), 4.2 (d, 2H, NH-CH2)7 ^-6 (m, IH, 
tert.proton), 7.2 -7.9 (m, 7H, aromatic + 2 NH). 

XXfX. The t?e.-> rTion of Free Amino Aci ds With Equivalent Amounts of .. the 
Water soluble carbodiimide (22)^ ; 
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til'll I'i 1. l.inu-ine with (22^) : 

A solution of L-Leucine (0.262 g, 2 mmol) in H^O (22 ml) was admixed 
with (22) (O./hO g, 2 mmol), the clear solution left stirred for 2d, cooled adjusted 
to pH >10, benzoylated with BzCl (0.338 g, lA mmol), left stirred for 5h, acidi- 
fied w'ith 2N.HC1 to pH 3, extracted with EtOAc, dried, evaporated, the residue 
dissolved in McOH, treated with ethereal CH 2 N 2 , evaporated and the residue 
rtiiom.i togt.if'heci on silica gel. Elution with benzene ; EtOAc (70:30) gave 0.104 g 
(21%) of BzLeuOMe and 0.070 g (20%) of BzLeu-Leu-OMe, mp. respectively 
;uul I88*‘C. 


b. Ue.tction ol (.'ilutiimic Acid with (22) : 

A stirred solution of L-Glutamic acid (0.147 g, 1 mmol) in water 
(10 ml) was admixed with (22) (0.395 g, 1 mmol). The clear solution was left 
stirred for 2 d, adjusted to pH >10, admixed with BzCl (0.169 g, 1.2 mmol), left 
stirred for 5 h, cooled, acidified with 2N.HC1 to pH~3, extracted with EtOAc, 
dried, evaporated, dis.solved in MeOH, treated with ethereal CH 2 N 2 and evaporated 
HPLC of the residue(0.102 g)showed as relative percentages BzGlu(a -OMe)-Gludi- 
OMe (54.6%), BzG1u(t -OMe).GludiOMe (44.6%) and negligible amounts of BzGludi- 

OMe (0.5%). 


Reaction of Glycine with (22) J 

A stirred solution of Glycine (0.075 g, 1 mmol) in H,0 (9 ml) was 

td.„ixed with (22) (0.395 g, I mmol). The ciear solution was left stirred for 

10 admixed with BzCl (0.169 g, 1.2 mmol), left stir re 
2 d, adjusted to pH >10, admixeo ^ 

. ow wri to dH 3, filtered, dried, dissolved in MeOH, 

for 5 h, cooled, acidified with 2N*HC1 P ^ /n V 

*^A HPT C of the residue fO.Obz gt, 
treated with ethereal CH 2 N 2 and evaporated, H 
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showed th,it the product largely consisted of BzGly-Gly-OMe. 

d. of 1. -Lysine with (^) ; 

t.otnpound (22) (0.790 g, 2 mmol) was added to an ice-cooled and 
stirred solution of L-Lysine.HCl (0.36i^ g, 2 mmol) in 2N-NaOH (2 ml, mmol). 

The re.u-tion was mode dear by the addition of water (10 ml), the clear solution 
left stirred for 2 d, adjusited to pH >10, admixed with BzCl (0.338 g, 2.4 mmol), 
left stirred for 5 h, acidified with 2N.HC1 to pH 3 , filtered, dried, dissolved 
in MeOH, treated with ethereal CH 2 N 2 evaporated to give 0.202 g of residue. 
HPLC, sh(?wed the presence of a major product and NMR strongly supported 
for tiu' ()roduct, the structural assignments, B 2 -Lys(a)B 2 )-Lys(w Bz)-OMe. 

nmr t t 1-2 (m, 12H, methylenes), 3.25-3.6 (m, 4 H,(CH 2 -CH 2 -NH- 62 ) 2 , 

3.75 (s, 3H, COOCJH^), 4.75 (m, 2H, tert.protons),. 7.25-7.8 (m, 15H, 
aromatic). 

XXX. The t^eaction of Glu And Leu In Water In The Presence Of Water Soluble 
Carbodiimide (22) ; 

a. Isolation of Product by Chromatography : 

A solution of L-Leucine (0.262 g, 2 mmol) L-Glutamic acid (0.294 g, 

2 mmol) in H 2 O (25 ml) was admixed with (22^) (0.790 g, 2 mmol), the clear 
solution left stirred for 2 d, cooled adjusted to pH >10, benzoylated with BzCl 
(0.338 g, 2,4 mmol), left stirred for 5 h, acidified with 2N-HC1 to pH 3, extracted 
with EtOAc, dried, evaporated, the residue dissolved in MeOH, cooled, treated 
with ethereal CH 2 N 2 , evaporated and the residue chromatographed on silica 
gel. Elution with PhH * EtOAc (70:30) followed by preparative tic gave 0.250 g 
(32%) of B2Glu(Y-0Me)-Leu.0Me (32), mp. 109»C. This compound was identical 



in oil rcspcrt.s to an oiithentic sample. 


b. Analysis of Product by HPLC : 

Itie residue obtained from (Experiment XXX a) on HPLC analysis 
gave the following percentage composition : 


BzCtlu(Y -OMe)-Leu-OMe 72% 

fV.Ghi(ot -OMcl-Gludi-OMe 1 5% 

BitLeu-Leu-OMe 8% 

Higher peptides 1.5% 


^ ^ B The Reaction of Glycine And Glutamic Acid In Water In The Presence 

of Water Soluble Carbodiimide (22) : 

A solution of Glycine (0.075 g, 1 mmol), L-Glutamic acid (0.1 ^7 g 
1 mmol) in water (16 ml) was admixed with (22) (0.395 g, 1 mmol), the clear 
solution left stirred for 2 d, cooled, adjusted to pH >10, benzoylated with BzCl 
(0.169 g, 1.2 mmol) left stirred for 5 h, acidified with 2N-HC1 to pH 3, filtered, 
dried, dissolved in MeOH, cooled, treated with ethereal CH2N2, evaporated. 
HPLC of the* residue (0.1 30 g) showed that the product largely consisted of BzGly- 
Gly-OMc and higher peptides. 

XXXn. The Reaction Of Glutamic Acid And L-Lysine.HC l In Water In The 

Prese nce Of Water Soluble Carbodiimide (22) : 

Compound (22) (0.790 g, 2 mmol) was added to an ice-cooled and 
stirred solution of L-Lysine.HCl (0.364 g, 2 mmol) in 2N-NaOH (2 ml), followed 
by the addition of L-Glutamic acid (0.294 g, 2 mmol) in water (16 ml). The 



clear solutioti left stirred for 2 d, adjusted to pH >10, admixed with BzCl (0.338 g, 
2A ttiniol) .left stirred tor 5 h, cooled, acidified with 2N-HC1 to pH 3, extracted 
with i:tOA<', dried, evaporated, dissolved in MeOH, cooled, treated with ethereal 
CH 2 N 2 > evaporated. HPLC of the residue 0.178 g, showed presence of three 
products in the ratio 0.38 ; 13.2 : 80. The nmr suggests for the major product 
the structure BzNH-Lys(w B2)-Gludi-OIVIe. 

XXXni. Pr eparation Of Dioctadecylcarbodlimide (DODCI) (39) : 

a. Diortaderyl thiourea (W) s 

k 

A stirred solution of CS 2 (0.3 ml, 5 mmol) and octadecylamine 
(2.69 g, 10 mmol) in dry EtOH iW ml) was refluxed for 12 h, cooled, filtered 
and crystallized from EtOH to give 2,45 g (86%) of (^), mp. 96-97°C. 

anal i Calcd. for Cj 2 H 2 gN 2 S (Mol.wt. 580). 

C, 76.55; H, 13.10; N, 4.82% 

Found ; C, 76.86; H, 13.33; N, 5.02% 

ir s ,, (KBr) cm"' ; 3280 (-NH), 1590, 1490, 1375 (thiourea). 

Vf-nax ' 

ms * m/z s 580 (M^-S). 

b. Dioctadecylcarbodiimide (39) : 

Yellow HgO (1.3 g, 6 mmol) was added to a vigorously stirred 

mixture of ( 40 ) g. 2 mmol)^ in dry CS 2 (8 ml). The reaction mixture ^^s 

lot, stirred tor « h, flltorod, Jshod with dry petroleum ether and evaporated 

to give 1.08 g (94%) Of (39), mp. 49-50“C. 

anal s Calcd. for G 27 H 2 ^N 2 •5''^)’ 
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I'oiiiicl : 


SI. 31; H, 13.55; N, 5.13% 
^*‘^2; H, 13.81; N, 5.19% 


cm * : 2130 (carbodiimide). 


nmr 


tus 


5(CDCl3) = 0-7-2.5 (m, 
m/^ ! 546 (M’*’). 


70 H), 3.3, 3.7 (t, t, 


4H, N-CH^-CH^). 


fKEfflati on of Aminn Acid F.st.r. . 

a. L-Aspiirtic Acid Di-M.thyl Ester. HCl (Asp( 6 -OMe)-OMe.HCl) 


Ory HCl was passed through a relluxing solution of L-Aspartic 
ocid (J g, 57.5 mmol) in dry methanol {50 ml) for 2 h, concentrated to 20-30 ml, 
triturated with dry ether (100 ml), filtered, crystallised, from dry methanol 

and ether to give 6.4 g ( 6 }%) of Asp<e -OMe)-OMe.HCI, mp. Iia-lisx. (Iit.“ 

mp. n6-7«C). 

" ^00 (salt), 1745 (ester). 


b. Asp( 0 -OMe)-OMe j 


•Under conditions described in EXPERIMENT XXIJ b, Asp( 0 -OMe)-OMe. 
HCl (0.985 g, 5 mmol) and NEt^ (0.9 ml, 7 mmol) gave 0.563 g (70%) of Asp- 
( 0 -OMc)-OMe as an oil, which was used without delay. 

c. L-Tfyptophan Methyl Ester. HCl (TrpOMe.HCl) : 

To stirred and ice-cooled dry MeOH (25 ml) was added, in drops, 
SOCI 2 (1.9 ml, 26 mmol) ’followed by L-Trp (2.55 g, 12.5 mmol). The reaction 
ture was left stirred for 4 h at -5 to 0®C, then at rt overnight, concentrated 



t<. •> ml, , Hi, nixed with dry ether until turbid, cooled, filtered and dried to 

.M ;; ((tH%) of 1 rpOMe.HCl. mp. 2I3®C. (lit.^^mp. 213-214°C). 

= 3270 (br, salt), 1740 (ester), 
d. L "Tryptophan Methyl Ester (Trp-OMe) : 

Under conditions described in EXPERIMENT XXII b, Trp-OMe.HCl 
(2.4 g, 10 mriiot) and NEt^ (1.8 ml, 13 mmol) gave 1.65 g (75%) of Trp-OMe 
as -itt oil, which was used without delay. 

XXXV. The Prepa ration of N-Protected Amino Acids : 

a. N-Ben/oyl Phenylalanine (BzPhe) : 

Benzoyl chloride (0.8 ml, 7 mmol) was added, in drops, to an ice- 

cooled and stirred solution of L-Phe (0.82 g, 5 mmol) in saturated NaHCO^ 

( 60 ml), keeping the medium basic throughout. The mixture was left stirred 

for 3 h, cooled adjusted to pH 3, filtered, dried and crystallized from EtOAc to 

, 68 

give l.l g (82%) of BzPhe, mp. 149'’C. (lit. mp.146') 

ir ! V (KBr) cm"' : 3500 (br, acid), 1550, 1640 (amide), 

max 

b, N'Bei,/(vyi Methionine (BzMet) : 

Benzoyl chloride (4.65 ml, 40 mmol) was added, in drops, to an 
ice-coolcd and stirred solution of L-Met (5 g, 33.5 mmol) in saturated NaHCO^ 
(300 ml), keeping the medium basic throughout. The mixture was left stirred 

vigorously for 3 h, cooled, adjusted to pH 3, filtered, dried, and the residue 
was c rystallized from hot water to give t.S g (56%) of BzMet, mp.l5«"C. 
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= 3300 (-NH), 1720 (acid), 1630, 1540 (amide). 
XXXVI. N;lV>n/uyl Asix.rjj ^ Add- g -Methyl Ester ; Bz-Asd( 3 -QMe)-OH : 

fWn/.oyl chloride (2.25 ml, 19.5 mmol) was added, in drops to an 

u e-rooled nnd stirred solution of Asp( 3 -OMe)-OH.HCl (2.99 g, 16.3 mmol) 

in s.t ttiMted NoHC.O^ (175 ml), keeping the medium basic. The reaction mixture 

1( It stirud for 3 h, adjusted to pH 3 with 2N-HC1, cooled, saturated with 

N.K‘t. oxlr.H ted with ether ( 3 x 50 ml), dried, evaporated and the residue on 

< tYst.illi/u(um irurn benzene gave 2.96 g (72%) of BzAsp( 3 -OMe)-OH, mp. 12500. 

(»9 

(Itt. mp. I 7 '>'fi''C!). 

if’ f (ester), 1720 (acid), 1630, 1520 

(ntnidc). 

nritr s tKCDCl^) : 3.1 (m, 2H, CH-CH2-COOCH3), 3.7 (s, 3H, COOCH3), 

5.1 (m, IH, tert. proton), 7. 3-7.9 (m, 6H, aromatic + NH), 8.5 (s, IH, 
COOH). 

XXXVII. 1 ’ep 1 1 de Bo nd Formation With Dioctadecylcarbodiimide (DODCI) : Prepara- 
tion of N-Benzoyl Phenylalanyl Cyclohexylamide (BzPheCONHC^Hj j) ( 41) : 

TtttnC’l (0.546 g, I mmol) was added to a stirred solution of BzPhe 
(0.269 )*, 1 rnrtiol) in dry dioxane (10 ml). A solution of cyclohexylamine (0.1 1 ml, 

1 mrnot) in flry dioxone (1 ml) was then added, the mixture left stirred overnight, 
filtert'd, vviiftlu'd with dioxane, evaporated and the residue chromatographed 
nn silic.i gel. Tilution with benzene gave unreacted DODCI 0.04 g and with 
PhH : BtOAc (70 : 30) 0.195 g (55%) of (41), mp. 197-198°C. 

Ihc, was identical in all respects to an authentic sample. 


nn.il 


! 


Calcd. for C22^26*^2*^2 
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C, 72.62; H, 7.^2; N, 8.00 
: C, 72.33; H, 7.65; N, 7.82% 

**" * (-NH), 1650, 15^0 (amide). 

nrnr : 6 (CDCl^) : 1. 0-2.2 (m, 10 H, cyclohexyl), 3.2 (m, 3H, CH-CH^^-Ph 

4 CONH-CH), ^.8 (m, IH, tert.proton), 7.2 (s, 5H, pH), 7 - 7.9 (m, 

5 H, aromatic). 

'f'*' s m//. : 350 (M^), 229 (M’^-BzNH), 224 {M'*'-CONH cyclohexyl). 

X X X V in .j.V{5t Kk* Bon d t-orrnation With DODCI ; Preparation of N-Benzoyl Leucyl- 
-cyclohcxylamido (BzLeuCONHCgHj j) (j^) ; 

DODCI (0.546 g, 1 mmol) was added to a stirred solution of BzLeu 
(0.235 g, 1 rnmol) in dry dioxane (10 ml), A solution of cyclohexylamine (0.11 ml, 

I ttiinol) in ditixane (2 rnl) was then added. The reaction mixture was left stirred 
for 12 h, filtered, washed with dioxane, evaporated and the residue crystallized 
from I'tOAoficxanc to give 0.230 g (73%) of (42), mp. 179-181°C (lit.^^mp. 180- 
-18!"C). This compound was identical in all respects to an authentic sample. 

Calcd, for CjyH2gN202 (Mol.wt. 316). 

C, 72.15; H, 8.86; N, 8.S6% 

Found: C, 72.60; H, 9.51; N, 9.15%. 

V (KBr) cm"‘ : 3300 (-NH), 1620, 1540 (amide). 

max 

MCDClj) : 0.9 (d, 6H, CWCiijy, 1-2.2 (m, 1 3 H, cyclotayl . 

CH "CHCCH )o)j 1 Hv tert*proton), 7. 2-7.9 (m, 5H, aromatic). 

m/z ? 316 (M^), 260(M''-isobutylene), 190 (M’^-CONHC^H j j). 


anal 

if 

nrrvr 

rrtS' 



XXXIX. IV>.nd J^or n^tion With DQDCl ; Preparation of N-Benzovl-Leucvl- 

5Lly£i ng. Methyl Ester (Bzleu-Glv-OMe) (k^) : 

lyonCI (0.5^f6 g, 1 mmol) was added to a stirred solution of BzLeu 
(0.2 1 tniDol) in dry dioxane (10 ml). A solution of Gly-OMe (0.089 g, 1 mmol) 

in dry dioxane (2 ml) - prepared as described in EXPERIMENT XXII b - was 
added, the niixtnrt' left stirred overnight, filtered, washed with dioxane, evaporated 
and tho r<*sidue on erystcillization from EtOAc-hexane gave 0.195 g (6^%) of 
(4 1), tup. 17X‘’t:, This compound was identical in all respects 

to an authentif sample. 

ir s V (KBr) cm~* ; 3300 (-NH), 1745 (ester), 1640, 1450 (amide). 

r f 1'^ K 

nmr ; 6 (CDCI3) ; 1.0 (d, 6H, CH( 0113)2), 1-^ (m, IH, CH(CH3)2), 1.7 (m, 2 H, 

CH ~Cii2-CHMe2), 3.7 (s, 3H, COOCH3), 4.1 (d, 2H, NH-CH2-C02Me) 
4,8 (m, IH, tert.proton), 7-7.9 (m, 7H, aromatic + 2 x NH). 

ms ; m/z t 307 (M^), 250 (M^-CH2CHMe2). 

XL. Peotide t3on d Formation With DODCI ; Preparation of N-Benzoyl Methip^ 
nine Glvei ne Methyl Ester (BzMet-Gly-OMe (44) : 

DODCI (0.546 g, 1 mmol) was added to a stirred solution of BzMet 
(0.2Vt I rjimol) in dry dioxane (10 ml). A solution of Gly-OMe (0.089 g, 1 mmol) 
in dioxane (1 ml) - prepared as described in EXPERIMENT XXII b - was added, 
the mixture? left stirred overnight, filtered, washed with dioxane, evaporated 
and the residue chromatographed on silica gel. Elution with benzene gave 

and with PhH : EtOAc (70:30) 0.136 g (40%) of (44), 


unchanged DODCI 0.05 g 
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ni[>- ! 

nil*, r n,nj„,ui,(l vv.i.s uknitical in all respects to an authentic sample. 

.inul ; tlnlccl. ‘o'- C, 5H2 qN 20^S (Mol.wt.324). 

C, 55.55; H, 6.17; N, 8.64% 

Found : C, 55.86; H, 6.42; N, 8.12% 

'*■ * ' ^290 (-NH), 1750 (ester), 1560, 1445 (amide). 

^ (CDCl^) ; 2.2 (s, 3H, S-Cil^), 2.I-2.5 (m, 2H, CH-CJi2-CH2-S-CH3), 
2.8 (t, 2H, CH-CH2-CJH2-S-CH2), 3.2 (t, IH, NH, -CH2), 3.75 (s, 

^11, COOCJH^), 4.1 (br, 2H, NHCHCH2‘)> (br, IH, PhCONJd-j^ 
5,0 (rn, IH, tert.proton), 7. 2-8.1 (m, 7H, aromatic + NH). 


m/z ! 325 (mO, 250 (M H^-CH 2CH2-S-CH2). 


Tj it* l5tMnons_t ratio n Of Peptide Bond Formation At The Micellar Interface; 
The Prepa ration of BzLeu-Leu-OMe (30) in Isooctane ; Water ; APT 
; DODCI .S ystem ; 


A solution of AOT (0.44 g, 1 mmol) in Isooctane (10 ml) was admixed 
will) water (0.2 ml) and to the resulting clear solution was added, BzLeu (0.118 g, 
0.5 mmol) followt'd by, under stirring, DODCI (0.273 g, 0.5 mmol). After 0.25 h 
this solution was added in one lot to stirred Leu-OMe (0.073 g, 0.5 mmol) - 
preissred as described in EXPERIMENT XXIII b. The reaction mixture was left 
stirred lor 2 d, cooled, adjusted to pH 3 with 2N-H2SO^, admixed with EtOAc 
(50 ml), washed with cold water (2 x 50. ml), saturated NaHC03 (2 x 25 ml), 
.saturated NaCl (1 x 25 ml), dried, evaporated and the residue subjected to 
propar.itive tie using PhH-EtOAc (70:30) as the developer to give 0.067 g (19%) 
of (30), rnp. 198-1 99‘’C. identical in all respects to an authentic sample (EXPERI- 


MENT XX Villa.). 



XI II. 


»: nrrnnnst ration Bond Formation At the Micellar Interface : 

CM J tePhe-Phe-OMe (46) in Isooctane : Water ; APT : 

A .solution of AOT {OA^ g, 1 mmol) in Isooctane (10 ml) was admixed 
with Il^h'* (h.2 tnl) and to the resulting clear solution was added, BzPhe (0.13^ g, 
n.n.ol) followed by, under stirring, DODCI (0.273 g, 0.5 mmol). After 0.25 h, 
this solution w.ts added in one lot to stirred Phe-OMe (0.089 g, 0.5 mmol) - 
(trefxirod as <!esrribed in fiXPERIMENT XXlVd. The reaction mixture was left 
stirred h'r 7ci. and worked up as described in EXPERIMENT XLI. The residue 
w.ts suhjer ted to [jrepiira tivc tic using PhH : EtOAc (70:30) as developer to 
give 0.05/# g DOnci (39) and 0M5 g, (26%) of (^#6), mp. 178-I79°C. (Iit.^°mp.l80°), 
identu al in all respe<'ts to an authentic sample. 

ir : V (KBr) cm"’ ; 3320 (-NH), 1745 (ester), 1665, 1640, 1550, 

ftIdX 

1 5 30 (amide). 

X L I H . Jhe_ Demonstr ation Of Peptide Bond Formation At The Micellar Inter- 
face I The Preparation Of BzPhe-Leu-OMe (48) in Isooctane : H^O : 
APT ; DOD CI system ; 

A solution of AOT (0.444 g, 1 mmol) in Isooctane (10 ml) was 
adtnix.Kl with 11^0 (0.2 ml) and to the resulting clear solution was added, BzPhe 
(0.1 34 g, 0.5 mtnol) followed by, under stirring, DODCI (0.273 g, 0.5 mmol). 
Alter 0.2.5 h, this solution was added in one lot to stirred Leu-OMe (0.0725 g, 
0.5 mrnol) - prepared as described in EXPERIMENT XXIHb. The reaction mixture 
wa.s left stirred for 2 d and worked up as described in EXPERIMENT XLI. The resi 
due was subje<-ted to preparative tic using PhH : EtOAc (70 : 30) as developer 
to give 0.04 5 g (31%) of (48), mp. 143”C., identical m all respects to an authentic 



203 


=3310(-NH), 1760 (ester), 1640, 1550 (amide). 

nmr : 6(C:nc;i^) : 0.8 (d, 6H, CH(CH^) 2 ), 1.1 (m, IH, CH(CH^) 2 ), 1.5 (m, 

2H, CJi 2 CH(CH 2 ) 2 ), 3.1 (d, 2H, CH-CJl 2 -Ph), 3.6, 3.7 (s, s, 3H, 
(iOOCjd^), 4.5 (br, IH, tert. proton), 4.9 (q, IH, tert. proton), 
7.2 (s, 5H, -CH 2 ~Ph), 6.7-7.7 (m, 7H, 2 x NH, amide Ph) . 

Xl.fV. The (5(*ttion.str ation Of Peptide Bond Formation At The Micellar Interface 
; Hu* Preparation Ot BzTrp-Trp-OMe (49) in Isooctane : H^O: APT ; 
system ; 

A solution of AOT (0.44 g, I mmol) in Isooctane (10 ml) was admixed 
with water (0.2 ml) and to the clear solution was added, BzTrp (0.154 g, 0.5 
mmol) folio wt'd by, under stirring, DODGI (0.273 g, 0.5 mmol). After 0.25 h 
this solution was added in one lot to stirred Trp-OMe (0.109 g, 0.5 mmol) - 
prepared as described in EXPERIMENT XXXrVd. The reaction mixture was 
left stirred for 2 d and worked up as described in EXPERIMENT XLI. The residue 
was rfiroma tographed on silica gel. Elution with PhH and PhH : EtOAc (70:30) 
gave respectively, 0.073 g of DODCI (39) and 0.074 g (40%) of (49), mp. 188- 

19(rc., identical in all respects to an authentic sample. 

u (KBr) cm"' : 3400, 3320 (-NH), 1740 (ester), 1640, 1610, 

max 

1 520 (amide). 

6(CDC1J i 2.9 (m, 4H, 2 x CHCJi 2 -indole), 3.5 (s, 3H, COOCli^), 
4.6 (m, 2H, tert.protons), 6.1-8.0 (m, 19 H, 2 x indole + 2 x 

NH + Ph). • 


nu If 



XI V. 


g- Palijej ond Foro^ation At The M.r.u.r . 

l.tel^he -Pro-OMe m in lao^rtan. ■ Water = APT , 

\ Nystc'fn $ 


A sciliition of AOT (OM g, I mmol) in Isooctane (10 ml) was admixed 

With H^O (0.; ml) and to the resulting clear solution was added, BzPhe (0.134 g, 

O.s ^mH^l) Icdhmt-d by, under stirring. DODCI (0.273 g, 0.3 mmol). After 0.23 h, 

this w.,s .idded in one lot to stirred Pro-OMe (0.0643 g, 0.3 mmol) - 

prefMred .,s dr«-ribt>d in EXPERIMENT XXIV.f. The reaction mixture was left 

stitrf'<l lot 2 d .ind worked up as described in EXPERIMENT XLI. The residue 

w.is Mibjet tfd !o (uefxirative tic using PhH as developer gave 0.064 g (34%) of 

f\/Ptu'-Pro“t^Me (^), as thick syrup, identical in all respects to an authentic 
, 71 

‘ (ester), 1640, 1345 (amide). 

nmr j ^(CHCl,) : 2.0 (m, 4H, (CJi 2 ) 2 ), 3.23 (d, 2H, -CHCH 2 Ph), 

l.fA(H, 3H,(*0CX:H,.^, 3.9(m, 2H,-N-Cil2),4.4(m,,IH,-CH),5.2(m,lH, -CH), 
7.0 - 7.9 (rn, 1 1 H, -NH^ 2 x Ph). 

XLVI. Tfu* Demo nstration Of Peptide Bond Formation At the Micellar Interface : 

The Preparati on Of IteGlu( Y -OMe)-Glu( y -OMc)-OMc (33) in Isooctanc ; 

t£L.l A CT } DODCI System : 

A solution of AOT (0.44g, 1 mmol) in Isooctane (10 ml) was admixed 
with (0,2 mi) and to the resulting clear solution was added, BzGlu( y -OM e)- 

011 (0.132 g, 0.3 mmol) follwed by under stirring, DODCI (0.273 g, 0.5 mmol). 
Alter 0.23 h, this solution was added in one lot to stirred Glu-diOMe (0.087 g, 
0.3 rnntol) - prepared as described in EXPERIMENT XXIV.h. The reaction mixture 
was left stirred lor 2 d and worked up as described in EXPERIMENT XLI. The 
residue was chromatographed on silica gel. Elution with EtOAc gave 0.028 g 



"f Mx'ky M)hd, identical in all respects to an authentic sample 

(I XIM RIMl N ! XXVm.d). 

XI VII. n»^l.^.vnoii.struti,oniXl i>e^^^ Bond Formation At The Micellar Interface ; 

!]"• ‘lr<>paratjo n_Of B2Asp( B -OMe)-Asp( g -OMe)-OMe (30) in Tsooctane ; 

Wat<*r ; APT ; DODCI System ; 

A lohiiinn of AOI (0.66 g, 1.5 mmol) in Isooctane (15 ml) was admixed 

with (0. I ml) ,ind to the resulting clear solution was added, BzAsp( B -OMe)- 

Oll (fJ.lX.H g, ()./*> rritnol) followed by, under stirring, DODCI {0A09 g, 0.75 mmol). 

Alter 0 . 7*1 It, (his solution was added in one lot to stirred Asp-diOMe (0.121 g, 

0./5 mmol) - piepurod as described in EXPERIMENT XXXIV.b. The reaction mixture 

was It It stirred ftir 2 d and worked up as described in EXPERIMENT XLI. The 

residue w»is subjected to preparative tic using EtOAc as developer to give 0.03if g 

70 

(11%) t»f (50), m[j. n6"C.. (lit. rnp.1 35*), identical in all respects to an authentic 

sample. 

ir ; V (KBr) cm"* : 3300 (-NH), 1730 (ester), 1645, 1530 (amide). 

ffIclX 

nmr s ^(CDClj) ; 2.9 (m, 4H, 2 x CHCii^COOMe), 3.65, 3.75 (3H, 6H, 
2 X COOCH.^), 4.9 (m, 2H. tert.protons), 7.4-7.9 (m, 7H, aromatic 
^ 1 2 X NH). 

X L V 1 1 1 , J'jie He manst ration Of Preferential Pepti de Bon d Formation At The 

Micellar tntf.r fare : The Reaction Of B 2 Glu( Y -OMe)-OH with L eu-QMe 
iifitl C.hif Y .X5Mo)-QMe in Isooctane ; H ^O t APT ; DODCI Systeim , : 

A solution of AOT (0.66 g, 1.5 mmol) in Isooctane (15 ml) was admixed 
with (0.3 rnl) and to the resulting clear solution was added, BzGlu( T -OMe)-OH 

(0.198 g, 0,75 mmol) followed by, under stirring, DODCI (0.409 g, 0.75 mmol). 



Affi 0,.". ii, this solution was added in one lot to stirred mixture of LeuOMe 
(0.1 l-» X'lnol) uud Glu-dOMe (0.131 g, 0.75 mmol) - prepared, respectively, 

.!«, iloM I ihccl in !' XI’hRIMhN IS XXHI.b. and XXIV. h. The reaction mixture was 
If It stirtfd lot ? <1 and worked up as described in EXPERIMENT XU. The residue 
was rhtoinatoy,raphfd on silica gel. Elution with PhH : EtOAc (70:30) gave 0.068 g 
{ 2 ^%) of n/Glu( Y -OMc)-Leu-OMe (32) as sticky solid and small amounts of BzGlu- 
(Y -ViMtO-tild-diOMe (33). The spectral data of the products (^) and (33) were 
idrntu.il to those obtained from EXPERIMENTS XXVIlI.c. and XXVIII.d. 

XlfX, I'h(' hemonstration Of Preferential Peptide Bond Formation At The 
M 1 1 ; e 1 1 . » r In ( e r f a c ; The Reaction Of BzAspI B -OMe)-OH with Leu-OMe 
arid As(i( , 0, - OMe)~OMe in Isooctane : H^O : APT ; DODCI System : 

A solution of ACT (0.44 g, I mmol) in Isooctane (10 ml) was admixed 
with H^O (0,2 till) and to the resulting clear solution was added, BzAsp( 8 -OMe)-OH 
(0.125 g, 0.5 mmol) followed by, under stirring, DODCI (0.273 g, 0.5 mmol). After 
0.25 h, this solution was added in one lot to stirred mixture of LeuOMe (0.073 g, 
0.5 mmol) and Asp-diOMe (0.081 g, 0.5 mmol) - prepared, respectively, as described 
in EXPERIMENTS XXHI.b. and XXXIV.b. The reaction mixture was left stirred 
for 2 d and worked up as described in EXPERIMENT XLI. The residue was chroma- 
<m .Mtea RCI. Elution with PhH : EtOAc (70:30) and (1:1) gave respec- 
tively O.Otn g (10%) ol hy.Asp( g -OMe)-LeuOMe (^) as thicl< syrup, and 0.008 g 
(li% ) ol Hi:As|:( fi -OMe)-Asp -dOMe (50). 

Compounds M and (50) were tound to be identical in all respects 

to authentic samples. 

{45) s Thick syrup. 

ir . u (neat) cm"' : 3330, 3300 (-NH), 1750 (ester), 1650, 1555 (amide). 

fllilX. 



; ! 1.0 (d, 6H, CH(CJl 2 ) 2 ), 1.25 (m, IH, CH 2 CH(CH^) 2 ), 

(in, 211, CH-CH 2 CH{CH^) 2 ), 3.0 (m, 2H, CH-Cii 2 COOCH 3 ), 
<./ (s, s, Mi, 2 X COOCJi^), 4.6, 4.9 (m, m, IH, 1 H, tert.protons), 
/.()-/.9 (m, 7H-, aromatic, 2 x NH). 


For sptTtral ciata, see EXPERIMENT XLVII. 
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